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ABSTRACT 
 
In 2005, trichomonosis emerged as a new cause of substantial mortality in 
United Kingdom (UK) greenfinch (Carduelis chloris) and chaffinch (Fringella 
coelebs) populations. Similar to the UK, in the summer and fall of 2007–2009 
and 2011, mortalities due to trichomonosis occurred in the Canadian Maritime 
provinces’ purple finch (Carpodacus purpureus) and American goldfinch 
(Cardeuelis tristis) populations consistent with emergence of trichomonosis in 
this region. 
 
Trichomonosis is caused by Trichomonas gallinae, a protozoan parasite 
infecting the upper digestive tract of birds. Trichomonosis causes slow death 
from emaciation and dehydration due to lesions preventing ingestion of food 
and water. This disease is reported by the public at their backyard feeding and 
watering stations. Therefore, this study’s goal was to better understand the 
epidemiology of trichomonosis in this region through collaboration with the 
Maritime bird feeding public.  
 
Through use of molecular tools and field techniques this study was able to 
conclude that (1) rock pigeons (Columba livia) can act as a reservoir for T. 
gallinae in the Canadian Maritime provinces, (2) the same T. gallinae strain that 
caused the United Kingdom epidemic is present in Canadian Maritime wild 
avifauna, (3) moist birdseed can possibly act as a fomite in the transmission of 
T. gallinae and (4) climate is a potential contributing factor in the emergence of 
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T. gallinae in the Canadian Maritime provinces.  
 
Finally, this study provided the first scientific approach to assess the role of 
birdfeeders and watering stations as fomites facilitating transmission of 
trichomonosis. The information obtained from this project resulted in general 
recommendations on trichomonosis prevention for the concerned bird feeding 
public, thus protecting the health and welfare of birds frequenting birdfeeders. 
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Chapter 1: GENERAL INTRODUCTION 
1.1 Avian trichomonosis 
Trichomonas gallinae is a protozoan parasite known to infect the upper 
digestive tract and various organs of several avian groups, including 
Columbiformes (i.e., pigeons and doves; herein referred to as columbids), 
raptors (i.e., eagles and hawks), gallinaceous birds (i.e., turkeys and chickens) 
and passerines (i.e., finches, sparrows, and corvids) (Krone et al. 2005; 
Bunbury et al. 2007; Anderson et al. 2009). Trichomonosis causes slow death 
from emaciation and dehydration due to the formation of large necrotic and 
inflammatory lesions in the mouth and crop that prevent affected birds from 
swallowing food and water. The disease is more commonly referred to as 
“canker” in pigeons, “frounce” in raptors and “roup” in gallinaceous birds. The 
published literature also refers to the disease as trichomoniasis.  
1.1.1 Emergence of trichomonosis in Canadian Maritime provinces’ wild 
finch populations 
 
Beginning in the late summer/early fall of 2007 in Nova Scotia, Canada, 
sick and dying purple finches (Carpodacus purpureus) were sighted at two 
backyard bird feeding stations with clinical signs consistent with trichomonosis 
(i.e., fluffed up with difficulties breathing and swallowing). Upon death, these 
two birds were submitted to the Canadian Cooperative Wildlife Health Centre 
(CCWHC), Atlantic region, for post mortem examination. Necropsy, histology 
and polymerase chain reaction (PCR) confirmed the presence of T. gallinae 
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within crop lesions typical of those described in trichomonosis cases (Forzán et 
al. 2010). In 2008, the CCWHC confirmed additional trichomonosis mortalities in 
purple finch from Nova Scotia and Prince Edward Island and American 
goldfinch (Carduelis tristis) from New Brunswick. In 2009, the CCWHC 
confirmed trichomonosis mortalities in all three Maritime provinces, and 
identified the disease in a new species, the pine siskin (Cardeulis pinus) 
(CCWHC unpublished data). The diagnosis of trichomonosis in all three 
Maritime provinces every summer and fall for three years, as well as its 
diagnosis in multiple species not previously affected by the disease, indicates 
that trichomonosis is an emerging disease in this region. For this study, 
emerging disease is defined as a disease that has appeared in a population for 
the first time, or that may have existed previously but is rapidly increasing in 
incidence or geographic range (World Health Organization 2012).  
1.1.2 Emergence of trichomonosis in wild finch populations worldwide 
 
 Trichomonosis was first recognized as an emerging infectious disease of 
wild finches in Great Britain in 2005 (Pennycott et al. 2005; Lawson et al. 
2006a). The species primarily affected in the summer/autumn seasonal 
epidemic were the greenfinch (Carduelis chloris) and chaffinch (Fringilla 
coelebs). In the first two years of trichomonosis emergence in this region, finch 
species (collectively) represented 84% of trichomonosis cases examined at post 
mortem; greenfinches and chaffinches alone accounted for 80% of all cases 
and columbid species for 11%. The other 9% of cases in which this disease was 
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diagnosed were other garden birds including: bullfinch (Pyrrhula pyrrhula); 
European goldfinch (Carduelis carduelis); brambling (Fringilla montifringilla); 
Eurasian siskin (Carduelis spinus); house sparrow (Passer domesticus); 
yellowhammer (Emberiza citrinella); dunnock (Prunella modularis); and the 
great tit (Parus major) (Robinson et al. 2010).  
 Although this disease had been previously reported infrequently in 
captive and free-ranging finches in Britain, the on-going outbreak, that began in 
2005-2006, is the first reported instance of a large-scale epidemic mortality due 
to trichomonosis in passerine species (Lawson et al. 2011a; B. Lawson pers. 
comm.). It is estimated that the emergence of this disease has caused 
significant declines in breeding population numbers of greenfinch (35%) and 
chaffinch (20%) in high disease incidence regions (Robinson et al. 2010). 
Initially, despite the presence of widespread greenfinch and chaffinch 
populations across Great Britain, mortality events were reported most frequently 
in western and central counties of England and Wales (Robinson et al. 2010). In 
the years following the initial outbreak, trichomonosis spread to eastern England 
(2007) and southern Fennoscandia (2008); it is believed that this is due to 
chaffinch migration patterns (Neimanis et al. 2010; Lawson et al. 2011a). 
Additional areas that have reported finch trichomonosis mortality in the past 
decade include: the Netherlands, Ireland, the west coast and east-central region 
of the United States of America, and western Canada (Dutch Wildlife Health 
Centre 2009; Gerhold 2009a; BirdWatchIreland 2010; CCWHC, unpublished 
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data). Recently, trichomonosis was also suspected to be involved in mass finch 
mortalities in Germany (Idowa 2012). 
 
1.1.3 Wild finch ecology   
1.1.3.1 General description   
 
 
Finches (Aves: Passeriformes, Fringillidae) represent a diverse group of 
passerine birds. The taxonomic structure of the true finch family, Fringillidae, 
has been disputed in the past. Recent DNA-based studies have defined the 
Fringillidae family in two different ways: (1) a very broad family encompassing 
approximately 1000 species that includes true finches and other closely related 
species or (2) a narrow family of 168 species that can be divided into three 
subfamilies: Fringillinae, Carduelinae and Drepanidinae (Nguembock et al. 
2009). 
 The two finch species affected by trichomonosis in the Canadian 
Maritime provinces, the purple finch and American goldfinch, are visually 
distinct and differ in habitat preferences. The purple finch is sexually dimorphic, 
and the sexes can be easily identified: mature males have bright raspberry 
plumage, mature females have a light olive-brown plumage, and juveniles 
resemble mature females. The American goldfinch is also sexually dimorphic: 
during the breeding season mature males are bright yellow and shiny black with 
a bit of white; mature females, mature males in the non-breeding season and 
immature birds have similar dull yellow plumage (Peterson 2002; Alsop 2005). 
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Purple finches are approximately double the size of American goldfinches, 
weighing about 34 grams and 14 grams, respectively (Alsop 2005). Purple 
finches prefer mixed forest and woody habitats along streams, but will also use 
shrubby areas, and hedgerows. In contrast, American goldfinches prefer open 
weedy fields and overgrown areas with some shrubs and trees. Both species 
commonly inhabit backyards and visit birdfeeders (Peterson 2002; Alsop 2005).   
1.1.3.2 Reproductive biology 
 
  Social organization in many bird species, including finches, varies 
between seasons. During the non-breeding season, many finch species exist in 
large feeding flocks; however, during the breeding season they exist in smaller 
breeding aggregations (or pairs) (Hosseini et al. 2006). Due to seasonal 
changes in the social structure and associated behavioural changes of these 
birds, it is possible for disease transmissibility to also vary depending on the 
season.  
Although purple finches and American goldfinches begin nesting around 
the same time, early April, purple finches breed much earlier (generally mid-late 
May/June) than the late-breeding American goldfinches that generally begin 
breeding in early July. Both finch species are monogamous, nest in pairs and 
have an incubation period of about 10-13 days that is completed solely by the 
female (Peterson 2002; Alsop 2005). Purple finches and American goldfinches 
can have multiple broods in one breeding season, however, like other multi-
brooded finch species, the initiation and end of reproduction is limited by 
temperature and food conditions, including suitable food availability (Hosseini et 
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al. 2006). Courtship is energetically costly for these species due to the 
increased energy demands associated with producing breeding plumage, 
defending territory, singing, aerial manoeuvring and producing eggs. Additional 
behaviours of these species include billing (when the female sticks her bill down 
the male's throat and takes an offering of regurgitated food) during courtship 
and throughout egg incubation (Lack, 1941). The preceding demonstrates that 
breeding is energetically costly to both members of the breeding pair (Holcomb 
1969; Nilsson and Svensson 1996; Gissing et al. 1998).        
1.1.3.3 Feeding biology 
 
Both the purple finch and the American goldfinch are primarily 
granivores, however, both species will feed opportunistically on other food 
sources during the breeding period (DeGraaf et al. 1985). For example, during 
the breeding season purple finches will feed on fruits, and both species are 
known to consume insects. Due to high energy demands associated with 
reproduction, it is probable that these species alter their feeding behaviours in 
order to forage in an energetically effective and efficient manner, as is seen in 
other bird species (Bertram et al. 1996; Shaffer et al. 2003). There may be 
increased reliance on public bird feeding and watering stations to meet the 
increased nutrient requirements of breeding and raising nestlings. Additionally, 
bird feeding and watering stations may play a major role after the breeding 
season as readily accessible feed for adults and hatch-year birds. Once 
nestlings have fledged, adults need to consume high amounts of food to rebuild 
their fat stores that have been depleted during the breeding season.  
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1.2 Trichomonas gallinae ecology       
  
1.2.1 Morphology and life cycle 
 
  Trichomonas gallinae is a single celled, oval to pyriform, flagellated 
protozoan that is approximately 6-15µm long and 4-8µm wide. The parasite is 
characterized by an undulating membrane that extends two-thirds the length of 
its body (the undulating appearance is due to the presence of a recurrent 
flagellum closely attached to the surface) and four anterior flagella arising from 
the basal granule (Mehlhorn et al. 2009; Amin et al. 2010; Neimanis et al. 
2010). These anterior flagella are ~7-13µm in length and may lie alongside the 
body or may twist among one another, making flagella counts difficult (Stabler 
1954). The ovoid nucleus, with an approximate longitudinal diameter of 2.5-
3µm, is found close to the base of the anterior flagella. The axostyle originates 
at the pole opposite the nucleus and is composed of a row of microtubules, 
running from the base of the anterior flagella cluster to the posterior end of the 
cell. The cytoplasm contains numerous glycogen granules and 
hydrogenosomes. A dense cross-striated structure, the costa, is also found in 
the cytoplasm and provides structure to the interior of the trophozoite (Mehlhorn 
et al. 2009). Additional cell structures include the parabasal complex (the 
parabasal body and the parabasal fibre) and the marginal filament, both of 
which, similarly to the anterior flagella, arise from the basal granule. No mouth 
structure is present, but the single-cell membrane of the trophozoite can form 
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pinocytotic vesicles or small food vacuoles that engulf material (Mehlhorn et al. 
2009).  
 Trichomonas gallinae, similar to other trichomonads, multiplies rapidly by 
simple asexual longitudinal binary fission (Stabler 1954). The only well defined 
life stage is the trophozoite, which can be transmitted direct via the oral route 
from host to host (Stabler 1954). Until recently, it was thought that there was no 
resistant cyst stage, making the parasite extremely vulnerable to environmental 
conditions. Recent scanning electron microscopy studies, however, have 
described some spherical stages of trichomonads, including T. gallinae grown 
in-vitro on agar, with no observable flagella present (Granger et al. 2000; Tasca 
and DeCarli 2003; Mehlhorn et al. 2009). It is speculated that these structures 
had reabsorbed their flagella and were interpreted as “pseudocysts” (or young 
cysts) (Mehlhorn et al. 2009). If this interpretation is correct, these 
“pseudocysts” may provide another route of transmission and an 
environmentally resistant stage during unfavourable conditions. Similar 
“pseudocysts” that apparently enhance transmission and extend survival time 
outside the host have recently been reported in clonal stages of Histomonas 
meleagridis, an intestinal flagellated protozoan parasite of poultry and wildfowl 
(Mielewczik et al. 2008; Munsch et al. 2009a,b). 
1.2.2 Related species 
 
  The Order Trichomonadida includes four families: Monocercomonadidae, 
Devescovinidae, Calonymphidae and Trichomonadidae (Honigberg 1963). The 
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family Trichomonadidae includes T. gallinae and other Trichomonas spp., 
Tetratrichomonas spp., Pentatrichomonas spp. and Tritrichomonas spp. which 
can affect a broad spectrum of hosts (Kleina et al. 2004). Apart from differences 
in host and infection site, trichomonads differ from one another morphologically, 
particularly in the number of anterior flagella.  
A common factor considered when examining the relatedness of 
trichomonads is the host that they infect. However, phylogenetic relationships 
among trichomonads have revealed an interesting trend: more similar 
trichomonads may infect different hosts, but have similar infection sites (Figure 
1.1). For example, T. gallinae is more closely related to T. tenax, a trichomonad 
that infects the oral cavity of humans than to other trichomonads that infect 
birds (i.e., Tetratrichomonas gallinarum, which infects the digestive tract of 
poultry and wildfowl). This contradicts what some have previously considered 
an important factor (i.e., host species) in explaining relatedness. An exception 
to this is the grouping of T. gallinae with T. vaginalis, a trichomonad that infects 
the reproductive tract of humans. Analysis of the 5.8S rDNA-,76UHJLRQWKHĮ-
tubulin and 18S SSU rDNA gene sequences all support the separation of avian 
isolates into separate clades – T. vaginalis-like and T. gallinae (Gerhold et al. 
2008). To date there has been no evidence to suggest the origin of the T. 
vaginalis-like clade found in birds. 
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Figure 1.1 Maximum Likelihood tree of Trichomonadidae and 
Monocercomonadidae based on ITS-1/5.8S rDNA/ITS-2 sequences. Branch 
support values are for five different tree reconstruction methods: ML-PAUP/ML-
MetaPiga/Bayesian-MrBayes/MP-PAUP/NJ(Tamura-Nei distance)-MEGA. 
Adapted from Kleina et al. (2004) to indicate host species infected and infection 
site for each isolate. 
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1.3 Epidemiology of trichomonosis      
          
 1.3.1 Natural host 
 
1.3.1.1 Reservoir hosts 
 
The only natural hosts of T. gallinae are birds, with the primary host 
being the rock pigeon (Columba livia). This parasite was first discovered in 
common pigeons in Italy in 1878 (Stabler 1954). However, it was falconers, 
hundreds of years earlier, who recognized the disease in raptors that fed on 
domestic pigeons (Stabler 1954). After its discovery in Italy, reports of 
trichomonosis in domestic pigeons arose worldwide. It was not until the early 
1930’s that the parasite was discovered in a captive population of mourning 
doves (Zenaidura macroura) on Long Island, New York, United States (Stabler 
1954). The parasite has since been described in other columbid species 
including the Indian dove (Turtur suratensis), wild wood pigeon (Columba 
palumbus), band-tailed pigeon (Columba fasciata), ringneck dove (Streptopelia 
risoria), stock dove (Columba oenas) and many others (Stabler 1954; McKeon 
et al. 1997; Bunbury et al. 2005; Hegemann et al. 2007). In addition to columbid 
species, T. gallinae naturally infects gallinaceous birds, raptors and passerine 
birds (Stabler 1954; Krone et al. 2005; Bunbury et al. 2007; Anderson et al. 
2009). 
Interestingly, phylogenetic analyses have indicated the possibility that 
certain species of columbids may be natural reservoirs for specific Trichomonas 
species (Gerhold et al. 2008). It is suggested that the rock pigeon is the natural 
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reservoir of T. gallinae while the white-winged dove (Zenaida asiatica) is the 
reservoir host of T. vaginalis-like trichomonads. In addition to phylogenetic data, 
this hypothesis is supported by prevalence data of Trichomonas spp. in white-
winged doves.  
The prevalence of T. gallinae in columbids commonly ranges from 1 to 
45%, with most reports ranging from 5-15% (Gerhold et al. 2008). White-winged 
dove populations in Florida and Texas, however, have been reported to have an 
above-average prevalence of T. gallinae: 97%-100% (Conti and Forrester 1981; 
Glass et al. 2001). The problem with the latter two studies is that genetic 
characterization was not done to prove that the isolates were actually T. 
gallinae. This lack of genetic analysis considered together with the recent work 
by Gerhold et al. (2008) suggests the possibility that some of the isolates 
identified as T. gallinae in the earlier studies on white-winged doves (Conti and 
Forrester 1981; Glass et al. 2001) were misidentified as T. gallinae and may 
have actually been T. vaginalis-like trichomonads. If this is true, then it is 
possible that the prevalence of infection with the unique T. vaginalis-like 
trichomonads is very high in Florida and Texas white-winged dove populations.  
Gerhold et al. (2008) found that T. vaginalis-like isolates appear to only 
occur in other species of birds when they are sympatric with known white-
winged dove populations. Conti and Forrester (1981) showed that mourning 
doves sympatric with white-winged doves have a much higher prevalence of 
trichomonads (17%) than those from areas of Florida without white-winged 
doves (only 1%). This provides further support for the hypothesis that white-
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winged doves may be infected with a unique trichomonad species, which may 
be transmitted to other columbids (Gerhold et al. 2008). Future molecular 
characterization of Trichomonas spp. isolates from birds with clinical 
trichomonosis as well as columbids with subclinical trichomonad infections 
would be instrumental in obtaining a better understanding of the epidemiology 
of trichomonosis as it relates to T. gallinae and T. vaginalis-like parasites. 
1.3.1.2 Columbid populations of the Canadian Maritime provinces and  
T. gallinae prevalence 
 
Established populations of rock pigeons and mourning doves exist in the 
Canadian Maritime provinces (Peterson 2002; Alsop 2005). There have been 
rare but regular sightings of white-winged doves in Atlantic Canada (includes 
the Maritime provinces and Newfoundland and Labrador) (Mactavish 2000). 
While it is assumed that T. gallinae is prevalent in free-ranging Canadian 
columbids, there are few documented clinical or subclinical cases in the 
CCWHC national database (CCWHC, unpublished data). Despite a lack of 
information of T. gallinae infection in columbid species, the parasite has been 
confirmed in both captive and non-captive finch species in both eastern and 
western Canada (Chalmers 1992; Forzán et al. 2010; CCWHC unpublished 
data). 
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1.3.2 Transmission of T. gallinae 
 
 1.3.2.1 Direct transmission   
 
  The rock pigeon is considered the ultimate reservoir of T. gallinae 
throughout the world. Wherever pigeons occur, T. gallinae is commonly found. 
Although pigeons can lose their infection, their biology ensures rapid re-
infection with the parasite. Pigeons prefer to live in colonies, resulting in close 
contact between individuals (Stabler 1954). Additionally, billing during courtship 
and feeding behaviours can contribute to the spread of the parasite (Stabler 
1954). The main route of transmission is the feeding of squabs by adult 
pigeons; both parents feed their squabs “crop milk”, a mixture of the secretion 
from the crop glands and regurgitated food, thereby infecting the naïve squabs 
with organisms present in their mouths and crops. Since the crop and oral 
cavity are primary sites of T. gallinae infection in adult birds, feeding squabs 
crop milk is an effective mode of vertical transmission. The reverse can also 
occur, whereby a squab previously infected by one parent transmits the parasite 
to the other, initially uninfected, parent. It is also possible for non-columbid (e.g., 
finch species) parents to pass the parasite to their young because adult finches 
have been observed to catch invertebrates in their mouths and feed them to 
their offspring, but as their young mature, adults slowly replace the 
invertebrates they feed with seed they regurgitate (Newton 1967). 
Contrary to what is expected, it appears that, in some finch species, 
healthy individuals prefer to feed next to visually unhealthy birds. It has been 
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shown that healthy house finches (Carpodacus mexicanus), prefer to feed next 
to birds infected with Mycoplasma gallisepticum, rather than conspecific  
healthy birds, 75% of the time (Bouwman and Hawley 2010). Furthermore, 
males are more likely to behave this way than females. If males actively seek 
out sick individuals to feed next to, they increase their risk of becoming infected 
with M. gallisepticum. If this practice is true for trichomonosis, it has potentially 
significant repercussions because if an uninfected male becomes infected 
during the breeding season, he could possibly infect his mate and offspring 
through their food sharing habits. Hawley et al. (2007) speculated that finches 
choose to feed next to unhealthy individuals because the healthy individual 
would be unlikely to face aggression from the sick bird. It is beneficial for 
finches to avoid aggressive individuals at feeders because altercations can be 
costly to a finch’s health. If a finch is socially defeated, as it would be if it lost a 
fight with another finch, it may be demoted to a lower social status, a condition 
that research has shown to be related to reduced immunity in the affected 
individual (Hawley et al. 2007).   
 1.3.2.2 Indirect transmission  
 
  Although biotic transmission likely plays a major role in the spread of 
disease, it is possible that abiotic indirect transmission has also played a part in 
the emergence of finch trichomonosis. The trophozoite is the only well-defined 
life stage of T. gallinae, and despite records of ‘pseudocysts’, the trophozoite is 
the only stage known to be involved in transmission. 
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Within the past decade, trichomonosis has emerged worldwide in wild 
finch species (Bunbury et al. 2007; Anderson et al. 2009; Dutch Wildlife Health 
Centre 2009; Gerhold et al. 2009a; Forzán et al. 2010; Neimanis et al. 2010). A 
common factor in the emergence of trichomonosis in all geographical locations, 
including the Canadian Maritime provinces, is that mortality is identified where 
large numbers of birds congregate at public bird-feeding and watering stations 
(Simpson and Molenaar 2006; Forzán et al. 2010; Neimanis et al. 2010). While 
this may simply reflect the fact that mortality is more easily identified at these 
locations, the possibility that indirect oral transmission associated with 
contaminated sources (bird seed, water bowls, or bird baths) plays a significant 
role in the increased occurrence of this disease cannot be overlooked (Höfler et 
al. 2004; Cousquer 2005; Duff et al. 2007; Anderson et al. 2009; Neimanis et al. 
2010; Robinson et al. 2010). Not only are artificial water sources (i.e., birdbaths 
and watering stations) of concern, but standing water (i.e., puddles or water in 
rain gutters) can also potentially act in the transmission of this parasite (Stabler 
1954). It has been suggested that these water sources should be properly 
drained, and if an artificial water source is necessary on a property, cleanliness 
is essential to reduce the risk of waterborne transmission (Stabler 1954). 
However, to date, science-based recommendations for prevention of 
trichomonosis have not been made with regards to bird feeding or watering 
stations.  
In the past, the general public typically only provided supplementary 
birdfeed during winter months, but the recent increased interest in bird watching 
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has resulted in many people now providing extra food year-round. Based on 
mortality events reported by the general public, finch mortality from 
trichomonosis in the Canadian Maritime provinces begins early June and 
continues into October (Forzán et al. 2010). Anecdotal evidence suggests that 
the highest mortality in purple finches and American goldfinches coincides with 
their respective breeding seasons (CCWHC, unpublished data). Purple finches 
in the Canadian Maritime provinces breed during May/June, and mortality due 
to trichomonosis appears to peak one month later in July. Similarly 
trichomonosis in Canadian Maritime provinces’ American goldfinch peaks in 
August, one month after the beginning of their breeding season. The high 
energy demands of breeding might increase reliance on public feeding and 
watering stations during this stressful time, leading to an increased potential for 
transmission of T. gallinae and an associated peak in trichomonosis mortality. It 
is also possible that the stress of breeding might lead to immunosuppression of 
adult birds, making them more susceptible to infection with T. gallinae and the 
development of clinical disease. 
The association between bird feed and trichomonosis may be more 
complex if one considers other potentially confounding factors. Aflatoxins, 
fungal toxins, are known to have both acute and chronic pathological effects on 
birds (Lawson et al. 2006b). Chronic exposure to low levels of aflatoxins can 
result in decreased weight gain and immunosuppression, and it is suggested 
that immunosuppression, a common factor predisposing individuals to 
contracting an infectious disease, may be one of the most important effects of 
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aflatoxins on birds (Quist et al. 2000). Wild birds can be exposed to aflatoxins in 
commercial bird seed mixtures at backyard birdfeeding and watering stations. 
Henke et al. (2001) examined aflatoxin levels in commercial bird seed mixtures 
and concluded that the general public should avoid mixed bags of commercial 
bird seed that contained corn. Their study found that 17% of commercial bird 
seed samples they examined had aflatoxin concentrations greater than 100 
µg/kg (80 µg/kg above the safe level for human or domestic animal 
consumption). They suggested that exposure to aflatoxin due to birdfeeding 
may be a cause of significant mortality and morbidity in granivorous songbirds. 
More recently, Lawson et al. 2006b published the first report of hepatic aflatoxin 
residues in British wild finches, including greenfinches, during the winter 
months. They hypothesized that there could be a relationship between aflatoxin, 
immunosuppression and salmonellosis, but acknowledged that confirmation of 
their hypothesis would require further research. It would be useful to examine if 
wild finches are exposed to aflatoxins, and if so at what concentrations, in the 
Canadian Maritime provinces during the summer and early fall to determine if 
aflatoxin induced immunosuppression could be a contributing factor to the 
emergence of trichomonosis in this region. 
In addition to endocrine changes during reproduction that can lead to 
immunosuppression, parental care has been associated with a reduction in 
immunocompetence in captive zebra finches (Taeniopygia guttata) (Deerenberg 
et al. 1997). Furthermore, studies have shown that increased reproductive effort 
is associated with a greater susceptibility of parents to parasitism in a wide 
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variety of species (Festa-Bianchet 1989; Norris et al. 1994; Richner et al. 1995; 
Allander 1997). The mechanism underlying this association is unknown, 
however, Allander (1997) speculated that increased parasitism may result from 
increased exposure combined with immunosuppression. Behaviours which may 
increase exposure include reduced maintenance activities, such as preening, as 
energy is reallocated to parental care of offspring, and increased foraging rates 
which are dependent on brood size (Allander 1997). In addition to increasing 
exposure to T. gallinae, reliance on supplementary food sources available at 
birdfeeders might increase stress because of high intraspecific and interspecific 
competition, resulting in immunosuppression of the birds frequenting feeders 
(Hawley et al. 2006). For the reasons discussed above, it is not surprising that 
there might be a relationship between increased trichomonosis mortality, finch 
breeding and supplementary anthropogenic sources of food and water.   
1.3.2.3 Transmission studies 
Due to the perceived extreme fragility of T. gallinae trophozoites, it was 
long believed that the parasite was unable to survive outside the host “for more 
than the briefest periods” (Stabler 1954). However, many remain convinced that 
water and bird feed are fomites for the transmission of the parasite. Kocan 
(1969) proved that under certain laboratory conditions T. gallinae could survive 
outside the host for up to 120 hours. His experiments indicated that T. gallinae 
can survive in water sources with elevated ionic concentrations for up to 24 
hours and in moist grain for 120 hours. Although the experimental conditions did 
not mimic natural environmental conditions, they did provide evidence that 
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under particular circumstances (i.e., standing water in grain fields with dissolved 
materials, resulting in increased ionic concentrations), T. gallinae trophozoites 
can survive in water sources and bird feed, potentially facilitating the 
transmission of the parasite. 
More recently, Van der Saag et al. (2011) investigated the resilience of 
Tritrichomonas foetus, which  inhabits the large bowel of cats and can cause 
chronic diarrhea. They provided the first direct evidence that T. foetus can 
survive passage through the alimentary tract of some slug species. Motile T. 
foetus organisms were found in feces of slugs fed cat food inoculated with the 
parasite. Their findings suggested that cats could ultimately become infected 
with T. foetus after consuming food contaminated with slug feces. If T. gallinae, 
similar to T. foetus, is able to pass through the alimentary tract of slugs, there is 
potential that slugs could be involved in the epidemiology of T. gallinae. Infected 
slugs could contaminate open and accessible birdfeeders and watering stations 
with their parasite-laden feces, leading to infection of naïve birds ingesting the 
food and water. Additionally, infected slugs could be directly consumed by adult 
birds or selectively fed to their young nestlings, resulting in possible infection 
with T. gallinae. The occurrence and survivability of T. gallinae in the digestive 
tract of hosts other than birds is unknown and would be an interesting avenue of 
further research. 
Research is showing that the T. gallinae trophozoite is more resilient 
than it was once thought, suggesting that indirect routes of transmission are 
feasible. Therefore, while it is possible that the exact cause of the emergence of 
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trichomonosis in finches may never be determined, efforts can still be made to 
prevent, control and manage the spread of the disease based on current 
knowledge about the ecology of the parasite.   
1.3.3 Virulence 
 
Trichomonas gallinae affects the upper digestive tract and various 
internal organs of different avian species, particularly columbids and birds of 
prey. Although trichomonads parasitize various avian species, affected species 
may not manifest similar clinical signs or lesions. For example, columbids are 
the only known avian group to have an asymptomatic carrier state (Neimanis et 
al. 2010). Although virulence of any pathogen is a result of the host-pathogen-
environment triad, many studies have investigated the virulence of T. gallinae 
by strictly examining parasite isolates in order to prove or disprove the presence 
of virulent and avirulent strains.   
Experimental studies on pigeons have revealed a wide spectrum of 
virulence amongst isolates of T. gallinae (Stabler 1948a,b; Stabler et al. 1964). 
Stabler et al. (1964) reported that when Trichomonas-free, non-immune pigeons 
were infected with a known avirulent Trichomonas gallinae isolate, they did not 
elicit an immune response or develop any lesions even after being inoculated 
with 1 x 106 organisms. In contrast, when infected with a known virulent strain, 
Trichomonas-free, non-immune pigeons died within six to nine days following 
inoculation of a single trichomonad. The studies conducted by Stabler (1948a; 
1948b; Stabler et al. 1964) were the first to show the existence of virulent and 
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avirulent strains of T. gallinae. The mechanism(s) of pathogenesis remain 
unclear (Gerhold et al. 2009b). Currently three hypotheses have been 
proposed. 
 1.3.3.1 Hemolytic activity hypothesis 
 
Contact-dependent hemolytic activity has been correlated with clinical 
virulence of T. vaginalis, a trichomonad closely related to T. gallinae, that 
causes human trichomonosis (Fiori et al. 1993; DeCarli et al. 1996). 
Unfortunately, most studies have been unable to produce a conclusive 
description of the parasite’s cytolytic activity (Heath 1981; Fiori et al. 1993; 
González-Robles 1995; DeCarli et al. 1996). Based on experiments, Vargas-
Villarreal et al. (2003) were able to conclude that the cytolytic mechanism 
involved in the virulence of T. vaginalis was dependent on phospholipase A 
pore-forming proteins (and perhaps other hemolysins). This is similar to that 
observed in other parasitic protozoa including Entameoba histolytica (Long-
Krug et al. 1985; Vargas-Villarreal et al. 1995; González-Garza et al. 2000) and 
Trypanosoma cruzi (Wainszelbaum et al. 2001). 
More recently, research by Midlej and Benchimol (2010) showed that T. 
vaginalis is able to rapidly destroy and phagocytose dead host-cell fragments. 
They demonstrated that T. vaginalis mechanically stresses the host cell by 
pulling up microvilli until the plasma membrane ruptures, leading to cytoplasm 
leakage and cell death. Afterwards necrotic cells were ingested by the 
trichomonads, but living or intact cells were not ingested. Midlej and Benchimol 
(2010) also noted that cytolysis is possibly required to provide nutrients to the 
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parasites. They proposed that the cytopathogenic action of T. vaginalis could be 
divided into four stages: adhesion, cytolysis, phagocytosis and intracellular 
digestion (Midlej and Benchimol 2010). 
In 2002, DeCarli and Tasca investigated the in vitro hemolytic activity of 
T. gallinae against erythrocytes from humans, rabbits, rats, horses, cattle and 
sheep (DeCarli and Tasca 2002). T. gallinae was capable of lysing all human 
erythrocyte groups (A, B, AB and O), as well as the other five adult animal 
erythrocytes. However, no hemolysin or any other soluble metabolites possibly 
released by the parasite could be detected (DeCarli and Tasca 2002). To date, 
there is no evidence to support the hypothesis of a correlation between 
hemolytic activity and T. gallinae virulence (Gerhold et al. 2009c). However, it is 
important to note that incubation time, dose, pH and ion concentration are often 
disregarded in laboratory trials, despite their essential roles in identifying and 
characterizing the activities of cytopathogenic enzymes (i.e., proteinases and 
phospholipases) (Vargas-Villarreal et al. 2003). Furthermore, pore-forming 
proteins and lectins are dependent on some of these factors. As some studies 
disregard these important factors, it could explain why they have failed to detect 
effects of soluble hemolysins and phospholipases, while those that do take into 
account these parameters were able to detect these virulence factors (Vargas-
Villarreal et al. 2003).  
1.3.3.2 Genomic identity hypothesis 
 
  This hypothesis is based on a perceived relationship between virulence 
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and T. gallinae genotype. Amplification of the ITS1-5.8S-ITS2 segment of 
ribosomal DNA via PCR has commonly been used to generate sequence data 
for T. gallinae genotyping. In a prevalence study of T. gallinae, Sansano-
Maestre et al. (2009) examined both clinical and subclinical cases of 
trichomonosis in pigeons and raptors. They found that genotype B isolates were 
recovered more frequently from birds with gross lesions, whereas genotype A 
isolates were recovered from those with subclinical infections, suggesting a 
relationship between genotype B and clinical disease. Although a similar trend 
occurs with another protozoal pathogen, H. meleagridis, where two of three 
genotypes are more commonly related to clinical disease, there are no other 
studies reporting a similar relationship between virulence and T. gallinae 
genotypes (van der Heijden et al. 2006). This relationship has also not been 
reported in T. vaginalis. However, in the case of T. vaginalis, the majority of 
research effort has been placed on identifying extracellular virulence factors, 
rather than examining genotype and virulence. It is possible that there have 
been no additional reports of a genotype-virulence relationship for T. gallinae or 
T. vaginalis because there have been no efforts made to test this hypothesis. 
In the Sansano-Maestre et al. (2009) study, the majority of birds with 
lesions were raptors from local wildlife rehabilitation centres, whereas the 
majority of birds without lesions were from the wild. It is likely that a wild bird in 
a rehabilitation clinic is immunosuppressed, therefore the role of host 
immunosuppression, not the parasite’s genotype, may have been the most 
important contributing factor to the development of clinical trichomonosis, and 
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genotype B may have been no more virulent than genotype A. To support and 
properly evaluate the hypothesis of Sansano-Maestre et al. (2009), additional 
research to provide further evidence is needed. Data on what genotypes are 
present in free-ranging wild birds at different times of the year (i.e., breeding 
versus non-breeding season) and from different locations would be useful. This 
information could be obtained through active surveillance of bird populations 
over their geographic range.  
1.3.3.3 Symbiotic bacteria hypothesis 
 
  Symbiotic relationships between protozoa and bacteria are well known. 
For example, protozoa such as Neoparamoeba pemaquidensis, Nephromyces 
giard and protozoa from the orders Trichonymphida, Christamonadida, 
Acanthopodia, Kinetoplastida and Oxymonadida, are known to have 
endosymbiotic relationships with bacteria (Saffo 1990; Fritsche et al. 1993; de 
Souza and Motta 1999; Caraguel et al. 2007; Ohkuma et al. 2007). 
Furthermore, endosymbionts in protozoa need not always be bacteria. For 
example, in the case of Neoparamoeba spp., it is possible to have other 
protozoa as endosymbionts (Dyková et al. 2003). Unlike multicellular hosts, 
where endosymbionts are typically restricted to particular organs or tissues, 
endosymbiont DNA is commonly integrated with that of the unicellular protist 
host (Nowack et al. 2010). Although transfer of endosymbiont genes can occur 
in multicellular hosts, it only occurs when the endosymbiont has access to the 
host’s germ line (Nowack et al. 2010). Due to a lack of a sequestered germ line 
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in protozoa, DNA integration of endosymbionts appears more readily 
established in protozoa (Nowack et al. 2010). 
The establishment of endosymbiotic relationships appears to be driven 
by the versatility of the endosymbiont coupled with the protozoa’s limited 
metabolic capabilities. Therefore, endosymbiosis may be an evolutionary 
strategy of protists to acquire novel functions and acts as an important source of 
genetic diversity. Similar to other protozoa, a symbiotic relationship has been 
discovered between T. vaginalis and Mycoplasma hominis (Dessì et al. 2006). 
Vancini et al. (2008) described how increased cytopathic effects on human 
vaginal epithelial cells are present when infected with T. vaginalis associated 
with M. hominis compared to T. vaginalis alone (Vancini et al. 2008). Currently 
there is no evidence to suggest that such a relationship between bacteria and T. 
gallinae exists. 
1.3.3.4 Factors affecting virulence studies in laboratory settings 
 
Virulence is difficult to study in laboratory settings due to several factors 
that may alter the virulence of an isolate during an experiment, possibly 
discrediting any results. Factors that decreased virulence in the Jones’ Barn 
strain of T. gallinae were the presence of antibiotics in culture media and long-
term parasite maintenance at 37°C (Stabler et al. 1964).  Stabler et al. (1964) 
discovered that when T. gallinae was isolated with the aid of penicillin and 
dihydrostreptomycin, its virulence rapidly decreased. Furthermore, they found 
that when pigeons were infected with a highly virulent strain that had been 
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isolated with antibiotics and maintained in vitro, the birds survived and 
developed no lesions. Strains isolated initially with antibiotics and stored at 
subzero temperatures however maintained their virulence, while isolates kept in 
vitro at 37ºC lost virulence within a short period (Stabler et al. 1964; Honigberg 
et al. 1970). Moreover, isolates maintained long-term (98 weeks) at 37ºC 
through multiple passages completely lost their virulence (Stabler et al. 1964). 
Interestingly, T. gallinae can restore previously lost virulence due to isolation 
with antibiotics or unfavourable temperatures after serial pigeon-to-pigeon 
passage (Honigberg et al. 1970). Since it is possible to attenuate T. gallinae 
virulence by particular handling and storage techniques, it is difficult to compare 
results from different studies investigating virulence. 
Stabler et al. (1964) concluded that based on experimental results, the 
pathogenicity levels of T. gallinae appear to be genetically controlled. This 
conclusion was made despite their observations that virulence was restored by 
bird-to-bird passage, which indicates that the internal host environment is 
essential for maintenance of pathogenicity. Based on this observation, their 
results may also suggest that the trichomonads’ altered pathogenicity may 
relate to a bacterium or other microbe present in the internal host environment.  
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1.4 Diagnosis and Treatment 
1.4.1 Diagnosis 
1.4.1.1 Visual confirmation of trichomonads 
 
 The two methods commonly used to diagnose trichomonosis rely on the 
observation of trophozoites either directly via wet-mount light microscopy or 
following culture amplification using a suitable culture medium. Despite poor 
sensitivity and difficulty in identifying T. gallinae from confounders, wet-mount 
light microscopy has historically been the standard diagnostic technique for 
diagnosing T. gallinae infections in birds (Bunbury et al. 2005). More recently, 
the InPouch TF® technique (BioMed Diagnostics, San Jose, California), a 
commercially available method for screening cattle for T. foetus has shown to 
be a reliable diagnostic test for T. gallinae (Bunbury et al. 2005). The method 
relies on a proprietary liquid medium selective for T. foetus, T. suis, T. gallinae 
and P. hominis that reduces the probability of confounders; and does not 
require as much expertise as the wet-mount technique (Bunbury et al. 2005). 
 Wet-mount light microscopy and the InPouch method both base a 
positive diagnosis on the observation of motile (i.e., jerky, rolling motions), 
flagellated trichomonad trophozoites (Bunbury et al. 2007; Anderson et al. 
2009). In both techniques, a sterile pre-moistened cotton-tipped swab is used to 
sample the mucosal surface of the oral cavity and crop of the bird. For the wet-
mount light microscopy method, the swab and sterile saline are used to prepare 
a wet-mount for immediate viewing using a light microscope, whereas for the 
InPouch technique the swab is used to inoculate the InPouch. The upper 
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chamber of the InPouch is inoculated by inserting the swab into the medium 
and squeezing the cotton-tipped end of it to release any attached cells into the 
culture medium. After the pouch is sealed, it can be examined immediately for 
the presence of trichomonads by placing a viewing clip over the upper chamber 
and observing for trichomonad activity with a light microscope, or it can be 
stored at 37°C - 41°C in an incubator . It is recommended by the manufacturer to 
examine the InPouch daily for the presence of the actively growing trichomonad 
culture. Trichomonads primarily congregate along the chamber edges (similar to 
how they gravitate towards the edges of the cover slip in the standard wet-
mount). Based on field studies, BioMed Diagnostics recommends that pouches 
be examined for six days after collection for bovine T. foetus growth because 
98% of InPouches will be positive in the first five days and the remaining 2% in 
six days) (BioMed Diagnostics, San Jose, California). When using the InPouch 
to detect feline T. foetus it is suggested that pouch contents are examined for a 
minimum of three to five days and up to seven to 12 days post-collection 
(BioMed Diagnostics, San Jose, California). Although it is recommended that a 
minimum of three InPouch tests be used over a seven to ten day period to 
achieve 99% probability of detecting feline infection (Hale et al. 2009), 
published scientific studies using the InPouch technique for T. gallinae detection 
commonly only examine the contents of a single pouch for 72 hours and 
presume negative all samples that lack parasitic growth by that time (Bunbury et 
al. 2005; Bunbury et al. 2007).  
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 Prior to the InPouch method, culturing trichomonads in-field was difficult, 
if not completely impractical due to restrictions of culture media components. 
The culture medium was difficult to transport, required refrigeration, had a short 
shelf-life, and was not selective. Therefore cultures could be overgrown by non-
trichomonad protists and/or bacteria (Bunbury et al. 2005). Although the wet-
mount method was considered the best alternative for detecting T. gallinae 
under field conditions, it is arguably more subjective than other methods, 
including the InPouch technique. Wet-mount success relies heavily on the exact 
technique, quality of microscope used, and observer’s ability to detect and 
correctly identify the parasites. In addition to the major advantage of increased 
sensitivity and specificity of the InPouch technique, other benefits include: ease 
of transport, convenient sampling, storage at room temperature, long shelf-life, 
ability to amplify the initial diagnostic sample by culture (an added advantage in 
cases of low intensity infections), and inhibition of the growth of confounding 
protozoa (Bunbury et al. 2005).  
 InPouch screening, unlike wet-mounts, has the potential to provide 
additional useful information about the cultured parasite through the production 
of a large number of cells which can subsequently be analyzed by other more 
precise methods of identification. Once the InPouch culture is positive for 
growth, the parasite’s DNA can be extracted and, utilizing PCR, amplified for 
sequencing and subsequent genotyping. This provides further details about the 
parasite which can lead to a better understanding of the epidemiology of 
trichomonosis. The InPouch technique is relatively inexpensive (~$5.00 
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USD/InPouch) but is perceived as more costly than the wet-mount method. The 
primary limitations of the culture technique are that it requires incubation at an 
ideal/optimal temperature of 37°C - 41°C and may take days for  a positive result 
to be obtained. 
Even though both methods are commonly used, there is increasing 
evidence that wet-mount microscopy may not be as sensitive as the InPouch TF 
technique. Bunbury et al. (2005) screened 45 wild pink pigeons (Columba 
mayeri) using both methods. Of 45 birds screened, 27 (60%) tested positive 
with the InPouch method, whereas only 12 (26.7%) tested positive using the 
wet-mount method. Furthermore, all 12 positives using the wet-mount method 
were positive using the InPouch. This raises concerns that studies using only 
the wet-mount method may have under-estimated the prevalence of infection. 
Additional studies comparing these methods for detecting T. vaginalis and T. 
foetus have documented similar results, indicating that the InPouch technique is 
superior to traditional wet-mount methods for detecting trichomonads 
(Ohlemeyer et al. 1998; Gookin et al. 2004).   
Although the InPouch technique provides increased sensitivity in 
detecting trichomonads, it is important to remember that confirmation of 
trichomonad infection does not necessarily mean that the affected individual is 
clinically affected. Therefore, it is important to combine the InPouch technique 
with clinical examination of live birds or post mortem examination of dead birds 
in order to better differentiate between simple infection and actual disease. For 
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the purpose of this study confirmed clinical trichomonosis, confirmed subclinical 
trichomonosis and suspected site trichomonosis have been defined as follows: 
Confirmed clinical trichomonosis: Presence of gross and/or microscopic 
lesions together with microscopic identification of the parasite in the 
lesion, and/or positive culture and/or positive PCR identification of 
Trichomonas sp. in the affected tissue or from a swab of the crop and 
oropharynx. Microscopic identification of the parasite in a characteristic 
lesion alone is also considered confirmed clinical trichomonosis. 
Confirmed subclinical trichomonosis: Absence of gross or histologic 
lesions but positive culture and/or PCR identification of Trichomonas sp. 
from a swab of the crop and oropharynx. 
Uninfected: Absence of gross or histologic lesions and clinical signs of 
trichomonosis in a bird that was negative for Trichomonas sp. by culture 
of a swab of its oropharynx and crop. 
Confirmed trichomonosis site: At least one individual bird from that 
property must be either confirmed as either clinical or subclinical status, 
based on above individual definitions.  
Suspected trichomonosis site: Cases in which birds of known affected 
species (purple finch, American goldfinch and pine siskin) exhibit clinical 
signs consistent with trichomonosis at the appropriate time of year 
(summer and fall) but no gross, microscopic or molecular examination is 
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possible (usually public reports with no ability to obtain specimens from 
the incident). 
1.4.1.2 Clinical presentation 
 
 Birds with trichomonosis may display a wide array of clinical signs. The 
most common clinical signs exhibited by sick birds include: lethargy; gaping 
beaks which may be covered in food remains; laboured breathing; difficulty 
swallowing food and water which often results in regurgitation; drooling; closed 
eyes; matted and wet feathers around the beak; head and chest; and 
dishevelled feathers held away from the body (Neimanis et al. 2010). 
Behavioural changes may include reluctance to fly and a tendency to relocate to 
sunny, sheltered sites on the ground (Neimanis et al. 2010). 
 
1.4.1.3 Gross pathology 
 
  Post mortem examination of affected birds may reveal any, all or none, of 
the following: poor nutritional condition with depletion of adipose tissue stores 
and mild to marked pectoral muscle atrophy; oropharynx and esophagus filled 
with seeds; empty or near-empty ventriculus; and sparse intestinal contents. 
The presence of gross lesions is a primary diagnostic feature of this disease’s 
pathology. Lesions generally include dry caseonecrotic exudate in the 
oropharyngeal cavity, crop and/or esophagus, and thickening of the mucosa of 
the upper digestive tract. The gray to yellow caseonecrotic lesions can be found 
in the upper digestive tract and can extend into and efface the mandible in 
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severe cases (Neimanis et al. 2010). It is also possible to find lesions in other 
internal organs (i.e., lungs or liver) (Begum et al. 2008; Stoute et al. 2009; 
Neimanis et al. 2010). 
1.4.1.4 Histology 
 
  Microscopically, thickening of the mucosa of the oropharynx, crop and/or 
esophagus is due to epithelial hyperplasia and necrotic pseudomembrane 
formation. Multifocal areas of erosive to ulcerative necrosis and varying 
amounts of inflammation (composed of heterophils, macrophages and 
lymphocytes) are present in the hyperplastic epithelium and underlying lamina 
propria and submucosa. Periodic Acid Schiff stains T. gallinae parasites a pale 
pink so they can be identified amongst the keratinized epithelial cells and within 
necrotic debris (Forzán et al. 2010). The pulmonary lesion is a fibrinopurulent 
pneumonia characterized by caseonecrotic debris, heterophils, lymphocytes 
and plasma cells (Stoute et al. 2009). Presence of focal abscesses in the liver, 
with an inflammatory reaction characterized by mononuclear cells and 
heterophils, has also been reported (Begum et al. 2008). 
1.4.1.5 Molecular techniques  
 
  Under optimised conditions, PCR is a highly sensitive and specific tool 
for trichomonad identification. The gene region most commonly used to 
diagnose and genotype T. gallinae is the ITS1-5.8S rDNA-ITS2 region. These 
sequences are commonly chosen because the ITS regions are non-coding and 
therefore, evolve rapidly which makes them suitable for the characterization of 
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phylogenetically closely related organisms. Coding regions, such as the 5.8S, 
18S and 28S rDNA genes, show much higher levels of primary sequence 
conservation and are highly repetitive in the genomes of most organisms which 
make them good markers of higher taxa relationships (Mayta et al. 2000). The 
limiting factor of using the 5.8S rDNA region is that it is short (~160 base pairs), 
and therefore, it is difficult to obtain significant variation to reconstruct fine scale 
within species or strains phylogenies (Felleisen 1997). Other researchers have 
used the 18S rDNA region to overcome the limiting factors of the 5.8S rDNA 
when looking at higher taxa relationships among trichomonads, for example T. 
vaginalis (Mayta et al. 2000). 
Based on the sequence analysis of the ITS1-5.8S rDNA-ITS2 region, 
variation exists among isolates that suggests at least 2 different genotypes 
within the T. gallinae morphologic complex and, interestingly, there also 
appears to be a separate T. vaginalis-like clade within avian species (Gerhold et 
al. 2008). Although many authors examine the ITS1-5.8S rDNA-ITS2 region of 
Trichomonas spp., no consistency exists as to what the sequence data is 
termed. The terms genotype, group, clade and species have all been used by 
various authors to refer to sequence data from the same region of DNA (ITS1-
5.8S-ITS2) (Gerhold et al. 2008; Sansano-Maestre et al. 2009; Lawson et al. 
2011b; Stimmelmayr et al. 2012). For example, Gerhold et al. (2008) identified 
Trichomonas spp. as belonging to ‘groups’ A-L, even though some groups (e.g., 
A-C) had identical sequence data. This creates confusion as ‘group’ A, based 
on sequence data belongs to genotype B, not genotype A. As a result, future 
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attempts should be made to maintain consistency in sequence nomenclature to 
prevent confusion and misinterpretation of results. Recently, other DNA regions 
have been used to construct phylogenies including: the Fe-hydrogenase gene 
(via standard PCR) and the small subunit rDNA (via nested PCR) (Lawson et al. 
2011b). Random amplified polymorphic DNA (RAPD) analysis is another tool 
that can be used to examine further variation among T. gallinae genotypes by 
sampling more variable sites within genomes, but it is limited by the requirement 
of axenic cultures (Lawson et al. 2011b).  
 
1.4.2 Treatment 
 
  The first drugs used to treat avian trichomonosis included copper 
sulphate and Enheptin (2-amino-5-nitrothiazole) (Zimre-Grabensteiner et al. 
2011). Currently, nitroimidazoles are considered the drugs of choice for treating 
trichomonosis (Zimre-Grabensteiner et al. 2011). However, drug resistant 
strains of T. gallinae have recently been reported (Anderson et al. 2009; Zimre-
Grabensteiner et al. 2011). In 2011, Zimre-Grabensteiner et al. tested the in 
vitro efficacy of four 5’-nitroimidazole derivatives (metronidazole, dimetridazole, 
ronidazole and ornidazole) against different clonal cultures of T. gallinae 
obtained from naturally infected birds belonging to two species: pigeons and 
budgerigars. The susceptibility of the six T. gallinae isolates, including both 
genotypes A and B, to four 5’-nitroimidazole derivatives revealed that isolates, 
independent of bacterial presence/absence, had significantly different 
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sensitivities to the four drugs, in vitro (Zimre-Grabensteiner et al. 2011). All four 
drugs had significantly different minimal lethal concentrations (MLCs). Isolates 
obtained from budgerigars had the lowest MLCs ranging from 2.0±0.3 to 
ȝJPOIRUPHWURnidazole and dimetridazole and from 2.0±0.6 to 6.7±1.7 
ȝJPOIRURUQLGD]ROHDQGURQLGD]ROH7KHKLJKHVW0/&VUHFRUGHGZHUHIRURQH
isolate obtained from a pigeon and ranged from 83.3±6.7 (for dimetridazole and 
URQLGD]ROHWRȝJPOIRUPHWURQLGD]ole and ornidazole). 
 
1.5 Rationale 
 
 The origin of trichomonosis in both Canadian and United Kingdom (UK) 
finches is unknown, but sympatric columbids are suspected to be the most likely 
source (Robinson et al. 2010). These birds have a long-standing history of 
trichomonad infections, are the only known avian group to have an 
asymptomatic carrier state, and are considered the natural reservoir of the 
parasite. Although it is unknown if the parasite causing trichomonosis in UK 
finches is genetically similar to that causing disease in Canadian finches, it is 
hypothesized that they are indeed similar. A common factor in the emergence of 
trichomonosis in finches in all geographical locations is that the mortality is 
identified where large numbers of birds congregate at private birdfeeding and 
watering stations (Neimanis et al. 2010; Robinson et al. 2010). Therefore, it has 
been suggested that indirect transmission associated with contaminated bird 
seed, water bowls, or bird baths plays a significant role in the increased 
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incidence of this disease (Boal et al. 1999; Simpson and Molenaar 2006; Duff et 
al. 2007; Neimanis et al. 2010; Robinson et al. 2010).  Further research into the 
exact mode of transmission at garden feeding and watering stations is required.  
1.6 Objectives 
 
The main goal of this project is to answer four questions for the Canadian 
Maritime provinces:  
1. What species of birds frequenting public feeding and watering stations are 
infected with Trichomonas spp.? 
2. Is the species of Trichomonas present in Maritime wild finch populations 
genetically similar to that found in other wild birds (e.g., pigeons, mourning 
doves and finches) in the Maritime provinces and in other geographical regions 
(e.g., U.K., USA, Fennoscandia)? 
3. Are bird feeders and/or water sources fomites facilitating the transmission of 
trichomonosis? 
4. Based on the answers to the preceding questions, what recommendations 
can be made for the general public involved with feeding and watering birds to 
prevent or mitigate trichomonosis mortality?  
Based on these four questions, it is predicted that:  
1. Columbids are the reservoir for T. gallinae in the Canadian Maritime 
provinces. 
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2. The same genotypes of T. gallinae will exist in the Canadian Maritime 
provinces as elsewhere in the world (e.g., U.K.). 
3. Public feeding and watering stations will act as fomites in the transmission of 
T. gallinae. 
4. This research will lead to specific recommendations for the general public to 
mitigate the impact of trichomonosis on wild birds frequenting their properties.  
40 
 
 
 
1.7 References  
Allander K. Reproductive investment and parasite susceptibility in the great tit.  
  Functional Ecology1997;11:358-364. 
Alsop F. Birds of Canada Field Guide. Can. ed. Toronto: Dorling Kindersley:  
  2005;542 & 550. 
Amin A, C Neubauer, D Liebhart, E Grabensteiner, and M Hess. Axenization  
  and optimization of in vitro growth of clonal cultures of Tetratrichomonas  
  gallinarium and Trichomonas gallinae. Experimental Parasitology  
  2010;124:202-208. 
Anderson N, R Grahn, K Van Hoosear and B BonDurant. Studies of  
  trichomonad  protozoa in free ranging songbirds: Prevalence of  
  Trichomonas gallinae in house finches (Carpodacus mexicanus) and  
  corvids and a novel trichomonad in mockingbirds (Mimus polyglottos).  
  Veterinary Parasitology 2009;161:178-186. 
Begum N, M Mamun, S Rahman, and A Bari. Epidemiology and pathology of  
  Trichomonas gallinae in the common pigeon (Columba livia). Journal of   
  the Bangladesh Agricultural University 2008;6:301-306. 
Bertram D, C Welham and R Ydenberg. Flexible effort in breeding seabirds:  
  adjustments of provisioning according to nestling age and mass.  
  Canadian Journal of Zoology 1996;74:1876–1881. 
41 
 
 
 
BirdWatchIreland. Disease killing greenfinches and other garden birds. 2010,  
  available at: http://www.birdwatchireland.ie/Publications/eWings  
  /eWingsIssue11August2010/Trichomoniasisupdatesummer2010 
 /tabid/1027/Default.aspx. Last accessed July 16 2012.  
Boal C and R Mannan. Comparative breeding ecology of Cooper’s hawks in  
  urban and exurban areas of southeastern Arizona. Journal of Wildlife  
  Management 1999;63:77-84. 
Bouwman K and D Hawley. Sickness behaviour acting as an evolutionary trap?  
  Male house finches preferentially feed near diseased conspecifics.  
  Biology Letters 2010;6:462-465. 
Bunbury N, D Bell, C Jones, A Greenwood, and P Hunter. Comparison of the  
  InPouch culture system and wet-mount microscopy for diagnosis of  
  Trichomonas gallinae infections in the pink pigeon Columba mayeri.  
  Journal of Clinical Microbiology 2005;43:1005-1006. 
Bunbury N, C Jones, A Greenwood, and D Bell. Trichomonas gallinae in  
  Mauritian columbids: implications for an endangered endemic. Journal of  
  Wildlife Diseases 2007;43:399-407. 
Caraguel C, C O’Kelley, P Legendre et al. Microheterogeneity and coevolution:  
  an examination of rDNA sequence characteristics in Neoparamoeba  
  pemaquidensis and its prokinetoplastid endosymbiont. Journal of  
  Eukaryotic Microbiology 2007;54:418-426. 
42 
 
 
 
Chalmers G. Trichomoniasis in finches. Canadian Veterinary Journal  
  1992;33:616- 617. 
Conti J and D Forrester. Interrelationships of parasites of white-winged doves  
  and mourning doves in Florida. Journal of Wildlife Diseases  
  1981;17:529-536. 
Cousquer G. Ingluvitis and oesophagitis in wild finches. Veterinary Record  
  2005;157:455. 
DeCarli G, P Brasseur, A da Silva, A Wendorff, and M Rott. Hemolytic activity of  
  Trichomonas vaginalis and Tritrichomonas foetus. Memórias do Instituto  
  Oswaldo Cruz 1996;91:107-110. 
DeCarli G and T Tasca. Trichomonas gallinae: a possible contact-dependent  
  mechanism in the haemolytic activity. Veterinary Parasitology  
  2002;106:277-283. 
DeGraaf R, N Tilghman and S Anderson. Foraging guilds of North American  
  birds. Environmental Management 1985;9:493-536. 
DeSouza W and M Motta. Endosymbiosis in protozoa of the Trypanosomatidae  
  family. FEMS Microbiology Letters 1999;173:1-8. 
Deerenberg C, V Arpanius, S Daan, and N Bos. Reproductive effort decreases  
  antibody effectiveness. Proceedings of the Royal Society of London B  
  1997;264:1021-1029. 
43 
 
 
 
Dessì D, P Rappelli, N Diaz, P Cappuccinelli, and P Fiori. Mycoplasma hominis  
  and Trichomonas vaginalis: a unique case of symbiotic relationship  
  between two obligate human parasites. Frontiers in Bioscience  
  2006;11:2028-2034. 
Duff J, T Pennycott, J Willmington, and S Robertson. Emergence of garden bird  
  trichomonosis. Veterinary Record 2007;Dec:828. 
Dutch Wildlife Health Center. Trichomoniasis in a greenfinch (Carduelis chloris).  
  2009, available at: http://www.dwhc.nl/NL/case2.html. Last accessed  
  April 14 2011. 
Dyková I, I Fiala, J Lom, and J Lukeš. Perkinsiella amoebae-like endosymbionts  
  of Neoparamoeba spp., relatives of the kinetoplastid Ichthyobodo.  
  European Journal of Protistology 2003;39:37-52. 
Felleisen R. Comparative sequence analysis of 5.8S rDNA genes and internal  
  transcribed spacer (ITS) regions of trichomonadid protozoa. Parasitology  
  1997;115:111-119. 
Festa-Bianchet M. Individual differences, parasites, and the costs of  
  reproduction for bighorn ewes (Ovis canadenis). Journal of Animal  
  Ecology 1989;58:785-796. 
Fiori P, P Rappelli, A Rocchigiani, and P Cappuccinelli. Trichomonas vaginalis  
  haemolysis: Evidence of functional pores formation on red cell  
  membranes. FEMS Microbiology Letters 1993;109:13-18. 
44 
 
 
 
Forzán M, R Vanderstichel, Y Melekhovets, and S McBurney. Trichomoniasis  
  in finches from the Canadian Maritime provinces – An emerging disease.  
  Canadian Veterinary Journal 2010;51:391-396. 
Fritsche T, R Gautom, S Seyedirashti, D Bergeron and T Lindquist. Occurence 
 of bacterial endosymbionts in Acanthamoeba spp. isolated from corneal  
  and environmental specimens and contact lenses. Journal of Clinical  
  Microbiology  1993;31:1122-1126. 
Gerhold R, M Yablsey, A Smith, E Ostergaard, W Mannan, and JR Fischer.  
  Molecular characterization of the Trichomonas gallinae morphologic  
  complex in the United States. Journal of Parasitology 2008;94:1335- 
  1341. 
Gerhold R. Trichomonosis in songbirds. SCWDS Briefs from Southeastern  
 Cooperative  Wildlife Disease Study College of Veterinary Medicine  
  2009a;25:6-7. 
Gerhold R, A Allison, H Sellers, E Linnemann, T-H Chang, and J Alderete.  
  Examination for double-stranded RNA viruses in Trichomonas gallinae  
  and identification of a novel sequence of a Trichomonas vaginalis virus.  
  Parasitology  Research 2009b;105:775-779. 
Gerhold R, M Yabsley, and J Fischer. Hemolytic activity of Trichomonas  
  gallinae isolates does not correspond with clinical virulence. Veterinary  
  Parasitology  2009c;160:221-224. 
45 
 
 
 
Gissing G, T Crease, and A Middleton. Extrapair paternity associated with  
  renesting in the American goldfinch. Auk 1998;15:230-234. 
Glass J, W Fedynich, M Small, and S Benn. Trichomonas gallinae in an  
  expanding population of white-winged doves from Texas. Southwestern  
  Naturalist 2001;46:234-237. 
González-Garza M, J Castro-Garza, D Cruz-Vega et al. Entamoeba histolytica:  
  Diminution of Erythrophagocytosis, phospholipase A2 and hemolytic  
  activities is related to virulence impairment in long-term axenic cultures.  
  Experimental Parasitology 2000;96: 116–119 
González-Robles A, A Lázaro-Haller, M Espinosa-Cantellano, F Anaya- 
  Velázquez, and A Martínez-Palomo. Trichomonas vaginalis:  
  Ultrastructural bases of the cytopathic effect. Journal of Eukaryotic  
  Microbiology 1995;42:641-651. 
Gookin J, M Stebbins, E Hunt et al. Prevalence of and risk factors for feline  
  Tritrichomonas foetus and Giardia infection. Journal of Clinical  
  Microbiology 2004;42:2707-2710. 
Granger L, S Warwood, M Benchimol M, and W de Souza. Transient  
  invagination of flagella by Tritrichomonas foetus. Parasitology Research  
  2000;86:699-709. 
Hale S, J Norris, and J Šlapeta. Prolonged resilience of Tritrichomonas foetus in  
  cat feces at ambient temperature. Veterinary Parasitology 2009;166:60- 
  65. 
46 
 
 
 
Hawley D, K Lindström and M Wikelski. Experimentally increased social  
  competition comprises humoral immune responses in house finches.  
  Hormones and Behavior 2006;49:417-424. 
Hawley D, C Jennelle, K Sydenstricker and A Dhondt. Pathogen resistance and  
  immunocompetence covary with social status in house finches  
  (Carpodacus mexicanus). Functional Ecology 2007;21:520-527. 
Heath J. Behaviour and pathogenicity of Trichomonas vaginalis in epithelial cell  
  cultures: a study by light and scanning electron microscopy. British  
  Journal of Venereal Diseases 1981;57:106-117. 
Henke S, V Gallardo, B Martinez and R Bailey. Survey of aflatoxin  
  concentrations in wild bird seed purchased in Texas. Journal of Wildlife  
  Diseases 2001;34:831-835. 
Hegemann A, E Hegemann, and O Krone. Trichomonosis in a free-living Stock  
  Dove (Columba oenas). European Journal of Wildlife Research  
  2007;53:235-237. 
Höfler U, C Gortazar, J Ortíz, B Knispel, and E Kaleta. Outbreak of  
  trichomoniasis in a woodpigeon (Columba palumbus) wintering roost.  
  European Journal of Wildlife Research 2004;50:73-77. 
Holcomb L. Breeding biology of the American goldfinch in Ohio. Bird-Banding  
  1969;40:26-44. 
47 
 
 
 
Honigberg B. Evolutionary and systematic relationships in the flagellate Order  
  Trichomonadida Kirby. Journal of Protozoology 1963;10:20-63. 
Honigberg B, R Stabler, M Livingston, and J Kulda. Observations on the effects  
  of various laboratory procedures on the virulence of Trichomonas  
  gallinae for pigeons. Journal of Parasitology 1970;56:701-708. 
Hosseini P, A Dhondt, and A Dobson .Spatial spread of an emerging infectious  
  disease: conjunctivitis in house ¿nches. Ecology 2006;87:3037-3046. 
Idowa. Mysterious bird deaths in the county. 2012, available at:  
  http://www.idowa.de/artikel/2012/06/25/raetselhaftes-vogelsterben-im- 
  landkreis.html. Last accessed July 16 2012.  
Kleina P, J Bettim-Bandinell, S Bonatto, M Benchimol M, and M Bogo.  
  Molecular phylogeny of Trichomonadidae family inferred from ITS-1,  
  5.8S rDNA and ITS-2 sequences. International Journal for Parasitology  
  2004;34:963-970. 
Kocan R. Various grains and liquid as potential vehicles of transmission for  
  Trichomonas gallinae. Bulletin of the Wildlife Disease Association  
  1969;5:148-149. 
Krone O, R Altenkamp, and N Kenntner. Prevalence of Trichomonas gallinae in  
  Northern goshawks from the Berlin area of Northeastern Germany.  
  Journal of Wildlife Diseases 2005;41:304-309. 
Lack D. Courtship feeding in birds. Auk 1941;58:56-60. 
48 
 
 
 
Lawson B, A Cunningham, J Chantrey et al. Epidemic finch mortality. Journal of  
  the British Veterinary Association 2006a;159:367. 
Lawson B, S MacDonald, T Howard, S MacGregor and A Cunningham.  
  Exposure of garden birds to aflatoxins in Britain. Science of the Total  
  Environment 2006b;361:124-131. 
Lawson B, R Robinson, A Neimanis et al. Evidence of spread of the emerging  
  infectious disease, finch trichomonosis, by migrating birds. Eco Health  
  2011a;10.1007/s10393-011-0696. 
Lawson B, A Cunningham, J Chantrey et al. A clonal strain of Trichomonas  
  gallinae is the aetiologic agent of an emerging avian epidemic disease.  
  Infection, Genetics and Evolution 2011b;11:1638-1645. 
Long-Krug S, J Fisher, M Hygmith and J Ravdin. Phospholipase A enzymes of  
  Entamoeba histolytica: Description and subcellular localization. Journal  
  of Infectious Diseases 1985;152:536–541. 
Mactavish B. Atlantic Provinces. North American Birds 2000;54:354-355. 
Mayta H, R Gilman, M Calderon et al. 18S ribosomal DNA-based PCR for  
  diagnosis of Trichomonas vaginalis. Journal of Clinical Microbiology  
  2000;38:2683-2687. 
McKeon T, J Dunsmore, and S Raidal. Trichomonas gallinae in budgerigars and  
  columbid birds in Perth, Western Australia. Australian Veterinary Journal  
  1997;75:652-655. 
49 
 
 
 
Mehlhorn H, S Al-Quraishy, A Amin, and M Hess. Fine structure of the bird  
  parasites Trichomonas gallinae and Tetratrichomonas gallinarum from  
  cultures. Parasitology Research 2009;105:751-756. 
Midlej V and M Benchimol. Trichomonas vaginalis kills and eats – evidence for  
  phagocytic activity as a cytopathic effect. Parasitology 2010;137:65-76. 
Mielewczik M, H Mehlhorn, S Al-Quraishy S, E Grabensteiner, and M Hess.  
  Transmission electronic microscopic studies of stages of Histomonas  
  meleagridis from clonal cultures. Parasitology Research 2008;103:745– 
  750. 
Munsch M, A Lotfi, M Hafez, S Al-Quraishy, and H Mehlhorn. Light and electron  
  microscopic studies of trophozoites and cyst-like stages of Histomonas  
  meleagridis. Parasitology Research 2009a;104:683–689. 
Munsch M, H Mehlhorn, S Al-Quraishy, A Lotfi, and M Hafez. Molecular  
  biological features of strains of Histomonas meleagridis. Parasitology  
  Research 2009b;104:1137–1140. 
Neimanis A, K Handeland, M Isomursu et al. First report of epizootic  
  trichomoniasis in wild finches (Family Fringillidae) in Southern  
  Fennoscandia. Avian Diseases 2010;54:136-141. 
Newton I. The adaptive radiation and feeding ecology of some British finches.  
  International Journal of Avian Science 1967;109:33-96. 
50 
 
 
 
Nguembock B, J Fjeldså, A Couloux, and E Pasquet. Molecular phylogeny of  
  Carduelinae (Aves, Passeriformes, Fringillidae) proves polyphyletic origin  
  of the  genera Serinus and Carduelis and suggests redefined generic  
  terms. Molecular Phylogenetics and Evolution 2009;51:169-181. 
Nilsson J-A and E Svensson. The cost of reproduction: A new link between  
  current reproductive effort and future reproductive success. Proceedings  
  of the Royal  Society of London B 1996;263:711-714. 
Norris K, N Anwar, and A Read. Reproductive effort increases the prevalence of  
  metazoan parasites in great tits. Journal of Animal Ecology  
  1994;63:601- 610.  
Nowack E and  Melkonian. Endosymbiont association with protists.  
  Philosophical Transactions of the Royal Society B 2010;11:2028-2034. 
Ohkuma M, T Sato, S Noda, S Ui, T Kudo, and Y Hongoh. The candidate  
  ‘Termite Group 1’ of bacteria: phylogenetic diversity, distribution and  
  endosymbiont members of various gut flagellated protists. FEMS  
  Microbiology Ecology 2007;60:467-476. 
Ohlemeyer C, L Hornberger, D Lynch, and E Swierkosz. Diagnosis of  
  Trichomonas vaginalis in adolescent females: InPouch TV® culture  
  versus wet-mount microscopy. Journal of Adolescent Health  
  1998;22:205-208. 
51 
 
 
 
Pennycott T, B Lawson, A Cunningham, V Simpson and J Chantrey. Necrotic  
  ingluvitis in wild finches. Journal of the British Veterinary Association  
  2005;157:360. 
Peterson R. Birds of Eastern and Central North America. Fifth ed. New York:  
  Houghton Mifflin Harcourt 2002;290 & 292. 
Quist C, D Bounous, J Kilburn, V Nettles, and R Wyatt. The effect of dietary  
  aflatoxin on wild turkey poults. Journal of Wildlife Disease 2000;36:436–  
  44. 
Richner H, P Christe, and A Oppliger. Parental investment affects prevalence of  
  malaria. Proceedings of the National Academy of Science of the United  
  States of America 1995;92:1192-1194. 
Robinson R, B Lawson, M Toms et al. Emerging infectious disease leads to  
  rapid population declines of common British birds. PLoS ONE  
  2010;8:e12215. 
Saffo M. Symbiosis within a symbiosis: intracellular bacteria within the  
  endosymbiont protist Nephromyces. Marine Biology 1990;107:291-296. 
Sansano-Maestre  J,  M Garijo-Toledo, and M Gómez-Muñoz. Prevalence and  
  genotyping of Trichomonas gallinae in pigeons and birds of prey. Avian  
  Pathology 2009;38:201-207. 
52 
 
 
 
Shaffer S, D Costa and H Weimerskirch. Foraging effort in relation to  
  constraints of reproduction in free-ranging albatrosses. 2003 Functional  
  Ecology;17:66-74 
Simpson V and F Molenaar. Increase in trichomonosis in finches. Veterinary  
  Record 2006;159:606. 
Stabler R. Protection in pigeons against virulent Trichomonas gallinae acquired  
  by infection with milder strains. Journal of Parasitology 1948a;34:150- 
  153. 
Stabler R. Variations in virulence of strains of Trichomonas gallinae in pigeons.  
  Journal of Parasitology 1948b;34:147-149. 
Stabler R. Trichomonas gallinae: a review. Experimental Parasitology  
  1954;3:368-402. 
Stabler R, B Honigberg, and V King. Effect of certain laboratory procedures  
  on virulence of the Jones’ Barn strain of Trichomonas gallinae for  
  pigeons. Journal of Parasitology 1964;50:36-41. 
Stimmelmayr R, L Stefani, M Thrall et al. Trichomonosis in free-ranging  
  Eurasian collared doves (Streptopelia decaocto) and African Collared  
  Dove Hybrids (Streptopelia risoria) in the Caribbean and Description of  
  ITS-1 Region Genotypes. Avian Diseases 2012;56:441-445. 
 
53 
 
 
 
Stoute S, B Charlton, A Bickford, and M Bland. Respiratory tract trichomoniasis  
  in breeder squab candidates in Northern California. Avian Diseases  
  2009;53:139- 142. 
Tasca T and G DeCarli. Scanning electron microscopy study of Trichomonas  
  gallinae. Veterinary Parasitology 2003;118:37-42. 
Van der Heijden H, W Landman, S Greve, and R Peek. Genotyping of  
  Histomonas meleagridis isolates based on Internal Transcribed Spacer-1  
  sequences. Avian Pathology 2006;35:330-334. 
Vancini R, A Pereira-Neves, R Borojevic, and M Benchimol. Trichomonas  
  vaginalis harboring Mycoplasma hominis increases cytopathogenicity in  
  vitro. European Journal of Clinical Microbiology and Infectious Diseases  
  2008;27:259-267. 
Van der Saag M, D McDonnell D, and J Šlapeta. Cat genotype Tritrichomonas  
  foetus survives passage through the alimentary tract of two common slug  
  species. Veterinary Parasitology 2011;177:262-266. 
Vargas-Villarreal J, H Martínez-Rodríguez, J Castro-Garza, B Mata Cárdenas,  
  M González-Garza and S Said-Fernández. Identification of Entamoeba  
  histolytica intracellular phospholipase A and lysophospholipase L1  
  activities. Parasitology Research 1995;81:320–323. 
Vargas-Villarreal J, B Mata-Cárdenas, F González-Salazar et al. Trichomonas  
  vaginalis: Identification of a phospholipase A-dependent haemolytic  
54 
 
 
 
  activity in a vesicular subcellular fraction. Journal of Parasitology  
  2003;89:105-112. 
Wainszelbaum M, E Isola, S Wilkowsky, J Cannata and J Florin-Christensen.  
  Lysosomal phospholipase A1 in Trypanosoma cruzi: An enzyme with a  
  possible role in pathogenesis of Chagas’ disease. Biochemistry Journal  
  2001;355: 765–770. 
World Health Organization. Health topics: Emerging diseases. 2012, available  
  at: http://www.who.int/topics/emerging_diseases/en/. Last accessed  
  September 3 2012.  
Zimre-Grabensteiner E, N Arshad, A Amin, and M Hess. Genetically different  
  clonal isolates of Trichomonas gallinae, obtained from the same bird, can  
  vary in their drug susceptibility, an in vitro evidence. Parasitology  
  International 2011;60:213-215. 
 
 
  
55 
 
 
 
Chapter 2: TRICHOMONOSIS IN THE WILD AVIFAUNA OF THE CANADIAN 
MARITIME PROVINCES AND THE ROLE OF CLIMATE AS A POSSIBLE 
RISK FACTOR IN ITS EMERGENCE 
2.1 Introduction 
 
Trichomonas gallinae, a protozoan parasite and the causative agent of 
avian trichomonosis, causes slow death from emaciation and dehydration due 
to the formation of large necrotic and inflammatory lesions in the mouth and 
crop that prevent affected birds from ingesting food and water. T. gallinae is well 
known to infect the upper digestive tract and various organs of several avian 
groups, including columbids (i.e., pigeons and doves), raptors (i.e., eagles and 
hawks), gallinaceous birds (i.e., turkeys and chickens) and passerines (i.e., 
finches, sparrows, and corvids) (Krone et al. 2005; Bunbury et al. 2007; 
Anderson et al. 2009). However, it wasn’t until 2005 and 2007, respectively, that 
trichomonosis was recognized as an emerging infectious disease of wild finches 
in the United Kingdom and the Canadian Maritime provinces (Pennycott et al. 
2005; Lawson et al. 2006; Forzán et al. 2010).  
Although there had been previous, infrequent reports of trichomonosis in 
captive and free-ranging finches, the 2005-2006 (and on-going) outbreak in the 
United Kingdom was the first report of a large-scale epidemic mortality due to 
trichomonosis in passerine species (Lawson et al. 2011). It is estimated that this 
disease’s emergence has caused significant declines in the breeding 
populations of greenfinch (35%) and chaffinch (20%) in regions of the United 
Kingdom with a high incidence of trichomonosis (Robinson et al. 2010). In 2007, 
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two years after the emergence of this disease in the United Kingdom, the 
Canadian Cooperative Wildlife Health Centre (CCWHC), Atlantic Region 
received reports of sick and dying purple finches (Carpodacus purpureus) with 
clinical signs consistent with trichomonosis (i.e., fluffed up with difficulties 
breathing and swallowing) from two geographical locations in Nova Scotia, 
Canada (Forzán et al. 2010). The affected finches that died were submitted to 
the CCWHC, Atlantic region for post mortem examination. These birds had the 
appropriate gross and microscopic lesions in their crops with intralesional 
protozoa consistent with trichomonads, and T. gallinae was confirmed as the 
causative agent by polymerase chain reaction (PCR) (Forzán et al. 2010). In 
2008, the CCWHC confirmed trichomonosis as the cause of purple finch 
mortalities in Nova Scotia and Prince Edward Island (PEI) and American 
goldfinch (Carduelis tristis) mortalities in New Brunswick. The diagnosis of 
trichomonosis in the Canadian Maritime provinces in the summer and fall for 
two consecutive years, as well as its diagnosis in multiple species not 
previously affected by the disease, suggests that trichomonosis is an emerging 
disease in this region. 
The rock pigeon (Columba livia) is considered the ultimate reservoir of T. 
gallinae throughout the world. Wherever pigeons occur, T. gallinae is commonly 
found. Although pigeons can lose their infection, their biology ensures rapid re-
infection with the parasite by intraspecific transmission (Stabler 1954). 
Established populations of rock pigeons and mourning doves (Zenaida 
macroura), another columbid frequently infected with T. gallinae, exist in the 
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Canadian Maritime provinces (Peterson 2002; Alsop 2005). While it is assumed 
that T. gallinae is present in Canadian Maritime provinces’ columbids, 
historically there are no documented reports of clinical or subclinical 
trichomonosis in these species. As a result, one goal of this study was to (1) 
test known columbid populations for Trichomonas sp. infection, and if present 
determine at what prevalence. Another goal was to (2) determine the 
prevalence of trichomonad infection in the finch populations at risk. Therefore, 
all live bird species at locations in the Canadian Maritime provinces known to be 
experiencing trichomonosis-related mortality events were captured and sampled 
to determine if they were infected with Trichomonas sp., and released.  
Seasonal patterns of disease occurrence appear to be prominent in 
regions where trichomonosis has emerged (Dumfries 2008; Neimanis et al. 
2010; Robinson et al. 2010; Lawson et al. 2011; Canadian Cooperative Wildlife 
Health Centre unpublished data). Despite reports suggesting the seasonality of 
this disease, climatological data has not been assessed to determine the 
potential role of climate in the emergence of trichomonosis in a particular 
region. As a result, another goal of this study was to (3) investigate climate 
normals and trends pre- and post-trichomonosis emergence in the Canadian 
Maritime provinces to determine if any temporal patterns exist that might 
indicate a role for climate in the emergence of this disease. 
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2.2 Materials and Methods 
2.2.1 Case definitions 
 
For the purpose of this study three definitions were created to describe 
the infection status of an individual bird in regard to trichomonosis: (1) 
confirmed clinical trichomonosis, (2) confirmed subclinical trichomonosis, and 
(3) uninfected. Confirmed clinical trichomonosis in an individual is defined by 
the presence of gross and/or microscopic lesions and confirmation of protozoa 
within those lesions and/or positive culture and/or PCR identification of 
Trichomonas sp. from the lesions or PCR identification of Trichomonas sp. in 
the affected tissue. Confirmed subclinical trichomonosis in an individual is 
defined by the absence of gross or microscopic lesions but positive culture 
and/or PCR identification of Trichomonas sp. from a swab of the crop and 
oropharynx. Uninfected status in an individual is defined by the absence of 
gross and microscopic lesions and clinical signs of trichomonosis in a bird that 
was negative for Trichomonas sp. by culture of a swab of its oropharynx and 
crop. Furthermore, two definitions were created to describe the infection status 
of an individual site in regard to trichomonosis: (1) confirmed trichomonosis site 
and (2) suspected trichomonosis site. To be a confirmed trichomonosis site, the 
infection status of at least one individual bird from that property must be 
confirmed as either clinical or subclinical, based on the above individual 
definitions. A suspected trichomonosis site is defined only in cases where birds 
of known affected species (purple finch, American goldfinch and pine siskin) 
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exhibit clinical signs consistent with trichomonosis at the appropriate time of 
year (summer and fall) but no gross, microscopic or molecular examination is 
conducted (usually public reports over the phone) to confirm trichomonosis.  
2.2.2 Columbid and passerine bird capture methods 
  
  When suspected trichomonosis-related mortality was identified at a site 
in the Canadian Maritime provinces, the CCWHC facilitated the immediate 
submission of recently dead passerines by contacting property owners 
experiencing mortality and encouraging them to submit specimens for a detailed 
post mortem examination. If the submitted mortality was confirmed to be related 
to trichomonosis (either by presence of gross or histologic lesions consistent 
with trichomonosis and/or positive culture of Trichomonas sp.), the property was 
visited to capture all species of birds present at the site for Trichomonas sp. 
testing. To specifically test columbid populations to assess their reservoir status 
for trichomonosis, known locations of high columbid population densities on 
Prince Edward Island (PEI) were selected for extensive trapping, without pre-
existing knowledge of the presence of trichomonosis within these populations. 
 All birds were captured under a Canadian Wildlife Federation license 
(permit #SC2707) and Canadian Council on Animal Care guidelines (UPEI 
protocol #10-020, 6003687) by standard methods including mist net, whoosh 
net, and walk-in box trap. Passerines were captured for this study by use of a 
mist net (Bleitz Wildlife Foundation California,50D-2 ply mesh,1½” mesh,7’ X 
42’, Stock # 26N-50/2) for two days per location in May-September of 2009 and 
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2011. Columbid species required extensive time for acclimatization to the box 
trap, and as a result, columbids were ground trapped at each site for several 
days to several weeks in May-December of 2009 and 2010. A ground box trap 
(Safeguard single compartment pigeon trap, 28"L x 24"W x 8"H, with eight entry 
doors, and a capacity to hold up to 30 birds) was baited with bird seed for a 
minimum of 12 days prior to commencing trapping. It is important to note that 
during the allotted baiting period, all regular supplementary feed sources was 
removed from the property to ensure the birds fed in the baited area. Due to 
difficulty capturing mourning doves while using the box trap during the May-
December 2011 field season, in the 2011 field season the capture method was 
changed and mourning doves were trapped by use of a whoosh-net (Hawkseye 
Nets Virginia, 2 1/8” mesh, 23’ whoosh net), which is similar to a cannon net, 
but powered by bungee cords. Similar to the box-trap protocol, the area over 
which the whoosh-net was fired was baited with bird seed for a minimum of 5 
days prior to attempted capture. All birds captured by all methods were sexed 
and aged by plumage (hatch year or adult) when possible, weighed, banded 
and examined grossly for oropharyngeal trichomonosis lesions. Opportunistic 
samples were also collected from passerines, raptors and columbids admitted 
to the Atlantic Veterinary College Teaching Hospital. Opportunistic field samples 
were also collected from pigeons that were humanely killed during removal from 
barns in the winter months on PEI. 
 
 
61 
 
 
 
2.2.3 Trichomonad sample collection 
  
  Prior to swabbing live birds, the end of a sterile calcium-alginate cotton-
tipped swab was bent into a gentle curve representing ~ 120 º angle (Figure 
2.1) to match the natural anatomical curvature of the oral cavity as it opens into 
the esophagus. The distance between the start of the curve and cotton tip was 
equivalent to the distance between the oral cavity and crop, and the positioning 
of this curve depended on the species of bird. Anatomically, bending the swab 
at the 120º angle facilitated the movement of the swab from the oral cavity to 
the crop. After bending, the swab was moistened with sterile saline and gently 
inserted into the oral cavity of the bird by pushing the tip against a commissure 
of the beak. The swab was slowly and gently advanced into the esophagus to 
the level of the crop while allowing the bird to swallow. Due to the thinness of 
the esophageal and ingluvial walls in passerine birds this procedure was done 
with extreme caution and only by experienced individuals. Once in the crop, the 
swab was gently rotated, moved up and down and removed. Care was taken to 
swab any visible lesions (“cankers”) in the oral cavity and/or throat as well. The 
crop and lesions of dead birds were swabbed once the upper digestive tract 
was opened for post mortem examination. In addition to oral swabbing in 2009, 
cloacal samples were also collected using a pre-moistened cotton-tipped swab. 
After collection, all swabs were used to immediately inoculate an InPouch TF 
culture kit on-site prior to transport back to the lab for incubation at 37°C and 
monitoring for 10 days. 
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Figure 2.1 Swab bent at an ~ 120 ° angle to match the natural anatomical 
curvature of the oral cavity as it opens into the esophagus. The bend in the 
shaft is closer to the cotton-tip when swabbing small birds, such as finches. 
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2.2.4 Parasite culture, identification and cryopreservation 
 
  Parasite growth cultures using the InPouch method were monitored daily 
using a double chamber hemacytometer, counting at 200X magnification (per 
the manufacturer’s instructions). Parasite counts of motile trichomonads were 
performed on both grids of the hemacytometer, examining only the four outer 
corner squares and centre square of the ruled grid. If results did not correlate 
within 10%, the process was repeated and the average of the four counts was 
taken instead of the two. Once parasites reached mid-log phase, they were 
cryopreserved by adding 100µl of 100% glycerol to 1ml of the parasite culture. 
This total volume was subdivided into four separate 500µl aliquots and stored in 
liquid nitrogen. An additional 1ml aliquot of the original parasite culture was 
collected to be used for DNA extraction.  
2.2.5 Search of the Canadian Cooperative Wildlife Health Centre database 
  
  The CCWHC wildlife health database is shared amongst the five regional 
offices of the CCWHC located in Canada’s Colleges of Veterinary Medicine. It is 
a national repository for data on Canadian wildlife health and provides a 
standardized means of recording diagnostic data related to  wildlife disease 
surveillance. It captures the history, location and pertinent specimen information 
for mortality incidents identified by wildlife health surveillance as well as all of 
the diagnostic test data that enabled a cause specific diagnosis to be made for 
the mortality event.  For this project, the CCWHC database was searched to 
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find all finches (purple finches, American goldfinches and pine siskins) 
submitted between the months May-September for the years 2007-2011. The 
database was also searched for all columbid cases (rock pigeons and mourning 
doves) submitted in 2010 and 2011. The biological and diagnostic data of all 
cases extracted from the database were analysed.  .  
 
2.2.6 Descriptive measures of trichomonosis frequency in columbids and 
finches 
 
  To define the disease state in regard to trichomonosis, columbids and 
finches were classified based on definitions as confirmed clinical, confirmed 
subclinical and uninfected. For the purpose of calculating Trichomonas sp. 
prevalence, all clinical and subclinical cases (from both the CCWHC database 
and live-sampling) were combined in a ‘confirmed trichomonosis’ category. 
Confirmed cases of trichomonosis, from the years 2007-2011, were also plotted 
on a map of the Canadian Maritime provinces (adapted from Forzán et al. 
2010). All mapping was completed using Quantam GIS (QGIS, version 1.7.3 
Wroclaw) software and maps from Natural Resources Canada 
(www.geogratis.cgdi.gc.ca).    
  2.2.7 Analysis of potential individual risk factors for finch trichomonosis 
 
Total numbers of infected (i.e., subclinical and clinical cases) and 
uninfected males and females and hatch year and adult birds were descriptively 
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compared for each finch species. To determine if any predictor (i.e., sex, age or 
body mass) could predict the status of a bird (i.e., uninfected, subclinical or 
clinical), median values were compared using the Mann-Whitney U test. It is 
important to note that for these analyses that CCWHC database cases were 
only included if they were confirmed clinical or subclinical trichomonosis or if the 
bird died due to trauma and was in good body condition (e.g., window strikes). 
All birds that died for reasons other than trauma (e.g., disease other than 
trichomonosis) and/or were in poor-moderate body condition were not included 
in the analyses. These birds were excluded to prevent possible skewing of the 
data because while the body mass of these birds may have been low, it was for 
other reasons. Furthermore, only birds which had information for all three 
criteria (age, sex and body mass) were included in these analyses. All statistical 
tests were completed using Minitab16. 
 2.2.8 Weather analysis pre- and post-emergence of trichomonosis 
   
  Environment Canada weather data were collected and combined from 
multiple weather stations to generate regional weather trends for the Canadian 
Maritime provinces for the periods of 2001-2005 and 2001-2011. Weather 
stations were selected based on the following criteria: (1) must monitor and 
record weather data year-round; (2) must have complete weather data for the 
years 2001-2011 (pre- and post-trichomonosis emergence in the Canadian 
Maritime provinces) and (3) must have pre-calculated historical weather 
normals for the years 1961-1990 and 1971-2000. Based on these criteria one 
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weather station was selected for Prince Edward Island (Charlottetown airport; 
46°17’19.020”  N, 63°07’43.070” W, Climate ID  8300300, WMO ID 71706) and 
one for New Brunswick (Moncton airport; 46°06'14.200" N, 64°41'15.900" W, 
Climate ID 8103200, WMO ID 71705). Two weather stations, Halifax Stanfield 
International airport (44°52'48.060" N, 63°30'00.050" W, Climate ID 8202250, 
WMO ID 71395) and Sydney airport (46°10'00.000" N, 60°02'53.300" W, 
Climate ID 8205700, WMO ID 71707), were selected to represent Nova Scotia 
weather because trichomonosis-related mortality events were reported on 
mainland Nova Scotia as well as Cape Breton Island. Data collected from these 
weather stations were considered to be representative of weather conditions 
across the Canadian Maritime provinces. 
 Following the selection of weather stations, mean temperature and total 
precipitation were obtained for the months May-September for the years 2001-
2011. All weather station data were combined (i.e., the mean calculated) to 
generate regional data. Weather data for the years 2001-2011 were examined 
individually and mean temperature and precipitation was calculated (as well as 
associated standard error) for each year. Mean temperature and precipitation 
for 2001-2011 was also calculated for comparison purposes. Each year was 
then compared to the weather prior to trichomonosis emergence to determine if 
there were any differences in the weather trends pre- and post-trichomonosis 
emergence.   
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2.3 Results 
        2.3.1 Trichomonosis frequency in columbids and finches 
 
  From the years 2007-2011, a total of 62 finches (43 purple finches, 13 
American goldfinches and six pine siskins) were examined post mortem for 
trichomonad infections (Table 2.1). Trichomonas sp. prevalence in purple 
finches examined post mortem ranged from 0% in 2010 to 100% in 2009, while 
the prevalence in American goldfinches ranged from 0% in 2007 and 2010 to 
50% in 2008 (Table 2.2). For pine siskins, Trichomonas sp. prevalence ranged 
from 0% in 2007, 2008, 2010 and 2011 to 100% in 2009, but only one pine 
siskin was submitted for examination that year. 
Based on dead finches with appropriate gross and microscopic lesions 
that were positive for Trichomonas sp., a total of 18 locations in the Canadian 
Maritime provinces were confirmed to be experiencing trichomonosis-related 
mortality events in passerine populations between 2007 and 2011 (Figure 2.2). 
There were an additional 10 locations (n = 2 in 2008, n = 1 in 2009 and n = 7 in 
2011) from across the Canadian Maritime provinces that were suspect 
trichomonosis sites.  
From the years 2009-2011, a total of 116 live finches were orally 
swabbed to determine if they had trichomonad infections (Table 2.1). In 2009, 
Trichomonas sp. infection prevalence in live-captured purple finches and 
American goldfinches was 54% (6/11) and 15% (3/19), respectively. Fifty 
percent (3/6) of live-captured purple finches were confirmed subclinical, while  
68
 
 
 
 
 
 
 
Table 2.1 Trichomonas sp. prevalence in Canadian Maritime provinces’ purple finches and American goldfinch 
populations. 
† birds that were swabbed in field and then died and brought to post mortem were removed from post mortem total to 
prevent double-counting of individuals 
 
69 
 
 
 
66% (2/3) of live- captured American goldfinches were confirmed subclinical. No 
finch mortality events were reported in 2010 so no sites were selected to live-
capture and test finches that year. However, while live-trapping columbids that 
year, one live American goldfinch was captured and opportunistically swabbed 
in the field but it was negative for trichomonad infection. In 2011, Trichomonas 
sp. infection prevalence in live-captured purple finches and American 
goldfinches was 19% (13/66) and 10% (2/19), respectively. Thirty percent (4/13) 
of live-captured purple finches were confirmed subclinical, while 0% (0/2) of 
live-captured American goldfinches were confirmed subclinical. 
In 2009 and 2011, while mistnetting at sites experiencing trichomonosis 
mortality, several other passerine species were incidentally live-captured and 
tested for trichomonad infections (n=28). These other passerine species all 
tested negative and included five blue jays (Cyanocitta cristata), four black-
capped chickadees (Poecile atricapillus), four song sparrows (Melospiza 
melodia), three common grackles (Quiscalus quiscula), three American robins 
(Turdus migratorius), two dark-eyed juncos (Junco hyemalis), two hairy 
woodpeckers (Picoides villosus), two European starlings (Sturnus vulgaris), one 
chestnut-sided warbler (Setophaga pensylvanica), one chipping sparrow 
(Spizella passerina) and one red-winged blackbird (Agelaius phoeniceus). 
During this same period, raptors submitted to the Atlantic Veterinary College 
Teaching Hospital and opportunistically tested for trichomonad infections (n=11) 
included five bald eagles (Haliaeetus leucocephalus), three red-tailed hawks 
(Buteo jamaicensis), one American kestrel (Falco tinnunculus), one merlin  
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Figure 2.2 A total of 18 sites in the Canadian Maritime provinces were 
confirmed to be experiencing trichomonosis-related mortality events in 
passerine populations in the years 2007-2011. There were no reports of 
mortality events in 2010.  
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(Falco columbarius), and one Saker falcon (Falco cherrug). One bald eagle was 
positive for a T. vaginalis-like protozoan. All others were negative. 
 Lastly, in 2009, a total of 46 cloacal swabs were collected in addition to 
the oral swabs taken from birds tested at post mortem or while live-captured. All 
cloacal swabs were negative for Trichomonas sp.. It is important to note that 11 
of the finches tested were positive for trichomonad infection based on their oral 
swab, while their cloacal swab was negative. 
In 2010 and 2011, 80 columbids were swabbed for Trichomonas sp.. 
Forty-three rock pigeons were swabbed in the years 2010 and 2011 (Table 2.2). 
Of the 13 pigeons live-captured in 2010, 38% (n = 5), were positive for 
Trichomonas sp., and 27% (4/15) of pigeons live-captured in 2011 were positive 
for Trichomonas sp.. None of the pigeons swabbed at post mortem in 2010 (n = 
6) were positive for Trichomonas sp., while 33% (3/9) were positive in 2011. A 
total of 37 live mourning doves were swabbed in the years 2010 and 2011 
however, none of these birds were positive for Trichomonas sp.. 
The seasonal trends of trichomonosis were analyzed by examining all of 
the data since its emergence in 2007. By assessing finch trichomonosis 
mortality events for the years 2007-2011, it was found that they all occurred 
between May and late September and, as a result, all samples were collected 
from positive finches during this same time period. Purple finch mortality was 
observed in all five months, with a peak in July (Figure 2.3), while, American 
goldfinch mortalities were only observed in three of the five months (July,  
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Table 2.2 Trichomonas sp. prevalence in Canadian Maritime provinces’ 
columbid populations. 
 Rock pigeon Mourning dove 
 2010 2011 2010 2011 
Live sampling     
n sites 2 2 4 2 
n birds  13 10 13 19 
n positive 5 0 0 0 
Post mortem     
n birds 6 9 1 4 
n positive 0 3 0 0 
Opportunistic field sampling     
n birds 0 5 0 0 
n positive 0 4 0 0 
Total number of positives 5 7 0 0 
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August, and September), with a slight peak in August.  Additionally, 
trichomonad infection prevalence in pigeons was 71% (5/7) in the winter months 
and 19% (6/31) and 20% (1/5) in the summer and fall months, respectively.        
2.3.2 Individual risk factor analysis 
 
 Out of the 116 live-captured finches, 58 purple finches and 37 American 
goldfinches had complete data sets and were used in the individual risk factor 
analysis. In addition to these birds, 30 purple finches and seven American 
goldfinches examined post mortem were included in the analysis, resulting in a 
total sample size of 132 finches. Due to insufficient numbers of pine siskins, 
descriptive comparisons could not be made. A total of 88 purple finches, with 
known age and sex, were tested for trichomonad infection in this study. Forty- 
one percent (21/51) of males and 43% (16/37) of females were positive for 
trichomonad infection. One hundred percent (10/10) of hatch year and 34% 
(27/78) of adult purple finches were positive for trichomonad infection. A total of 
44 American goldfinches, with known age and sex, were tested for trichomonad 
infection in this study. Thirteen percent (5/38) of males and 66% (4/6) of 
females were positive for trichomonad infection. The lone hatch year individual 
and 18% (8/43) of adult American goldfinches were positive for trichomonad 
infection. 
Before examining age, sex and body mass as predictors of 
trichomonosis status for purple finches and American goldfinches, all hatch year 
birds were discarded. Hatch year birds were not included in the analysis  
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Figure 2.3 Total numbers of purple finches and American goldfinches positive 
for Trichomonas sp. for the years 2007-2011. Purple finches were infected with 
T. gallinae throughout the entire spring-early fall season, with a peak in July, 
approximately one month post-breeding. T. gallinae positive American 
goldfinches were only found in late summer to early fall, with a slight peak in 
August, approximately one month post-breeding.  
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because all hatch year birds were clinically diseased. Furthermore, only adult 
birds were included in this analysis to ensure body masses were not skewed by 
the lower body masses of hatch year birds. Young birds typically weigh less 
than their adult counterparts (Partin 1933), and since all hatch year birds were 
confirmed clinical cases of trichomonosis, it was not possible to determine 
whether their low body mass was a result of their age or their disease status. In 
addition to discarding hatch year birds, subclinically infected birds were 
discarded from the analysis due to low numbers. As a result, body mass and 
sex of clinically infected birds and uninfected birds were compared. Body mass 
was found to be a significant factor (p = <0.001) in predicting trichomonosis 
status of adult purple finches, revealing that clinically infected birds weighed 
almost five grams (4.8 g) less than their uninfected counterparts. Due to low 
confirmed clinical numbers, American goldfinch body mass was not examined 
(see Table 2.3 for descriptive statistics). Sex was not found to be a significant 
predictor of trichomonosis status in either species. 
2.3.3 Weather trend analysis 
 
 An overall increase in temperature and precipitation was found when 
climate normals for 1961-1990 (14.4°C; 94.3 mm) and 1971 -2000 (14.7°C; 95.9 
mm) were compared to weather trend data for 2001-2011 (15.2°C , SE 0.12; 
98.4 mm, SE 4.91) (Figure 2.4). Temperature increased by 0.8°C and 
precipitation increased by 4.1 mm over the course of +30 years. In the years 
that the Canadian Maritime provinces experienced trichomonosis-related  
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Table 2.3 Mean weights and standard deviations for purple finches and American goldfinches based on status: 
uninfected, subclinical and clinical for the total population, adults only and hatch year only. 
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mortalities (2007, 2008, 2009 and 2011) average temperature and precipitation 
were 14.9°C and 113.9 mm, respectively. When yearly data were compared for 
the period including the year prior to trichomonosis emergence (2006) through 
the end of this study (2011), it was identified that the average temperature was 
higher in the year prior to the emergence of trichomonosis and in 2010, the one 
year post-emergence that trichomonosis-related mortalities were not reported 
(Figure 2.5). Standard error was quite high for all precipitation values, ranging 
from 7.90 to 15.83 for precipitation, while standard errors ranged from 0.68 to 
0.97 for mean temperatures. 
2.4 Discussion 
        2.4.1 Trichomonosis in columbids and finches  
  
 Rock pigeon populations are changing in the Canadian Maritime 
provinces. The Maritime Breeding Bird Atlas is a scientifically-designed field 
project to assess the status, distribution and abundance of bird species that 
breed within the three Canadian Maritime provinces (Maritime Breeding Bird 
Atlas). The first atlas was produced in the early 1990’s and is based on data 
collected in the years 1986-1990. Recently, the second atlas was produced 
based on data collected from 2006-2010. Confirmed rock pigeon breeding sites 
in the Canadian Maritime provinces have increased by 34% from the early 
1990’s to the late 2000’s, as breeding rock pigeons were confirmed in 558 and 
750 atlas squares in the first and second atlas, respectively.  
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Figure 2.4 An overall general increase in temperature and precipitation is 
apparent when Environment Canada climate normals for the Canadian Maritime 
provinces for 1961-1990 (14.4°C; 94.3 mm), climate normals for 1971 -2000 
(14.7°C; 95.9 mm) and weather trends for 20 00-2011 (15.2°C; 98.4 mm) were 
compared.  
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The analysis of trichomonad infections in PEI rock pigeons identified an 
overall prevalence of 28%. This prevalence is comparable to what has been 
published for columbids found throughout the world (Bunbury et al. 2007,2008; 
Sansano-Maestre et al. 2009). Furthermore, although individual pigeon 
subpopulations were not monitored year-round, evidence from this study 
suggests that trichomonad infection prevalence may be higher in the winter 
months, 71% (5/7), than in the summer and fall months, 19% (6/31) and 20% 
(1/5), respectively. However, it is difficult to confirm this finding based on such 
low numbers. None of the mourning doves we swabbed (n = 37) tested positive 
for a trichomonad infection. This is atypical because published studies have 
indicated that T. gallinae prevalence in mourning doves ranges from 4% to 47% 
(Greiner and Baxter 1974; Ostrand et al. 1995; Schulz et al. 2005). Based on 
the fact that trichomonad infections in PEI mourning dove populations were not 
detected but trichomonad infections were identified in free ranging rock pigeons 
year-round, it was concluded that rock pigeons are the most likely reservoir 
hosts for trichomonads in the Canadian Maritime provinces. However, a larger 
mourning dove sample size would be required to confirm that mourning doves 
are not a reservoir host as well. 
 This is the first time that a study has examined the prevalence of 
trichomonad infections in free-ranging wild finches at sites known to be 
experiencing trichomonosis-related mortality. At these sites, it was found that 
trichomonad infection prevalence varied between years in wild live-captured 
finches, with prevalences ranging from 19% in 2011 to 54% in 2009 in purple 
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finches and 10% in 2011 to 15% in 2009 in American goldfinches. Similarly, 
variation in prevalence between years in finches submitted for post mortem was 
observed. Prevalence in purple finches and American goldfinches swabbed 
post mortem ranged from 0% in 2010 to 100% in 2009 and 0% in 2010 to 25% 
in 2009, respectively. While post mortem results over-estimated prevalence in 
purple finches in both 2009 and 2011 and in American goldfinches in 2009, they 
under-estimated prevalence in American goldfinches in 2011, as no goldfinches 
were submitted to CCWHC by the general public. It is possible that submitter 
bias due to the size of these finches accounts for this observation. Purple 
finches are approximately double the size of American goldfinches, weighing 
approximately 34 grams and 14 grams, respectively (Alsop 2005). Their small 
size makes dead American goldfinches difficult to detect in the field, and as a 
result, they may decompose and/or are consumed by scavengers before they 
can be identified.  
 Body mass was found to differ significantly between clinically diseased 
and uninfected adult purple finches, with clinically diseased birds (18.3 g) 
weighing an average of more than five grams less than uninfected birds (23.9 
g). Furthermore, it was noted that the body mass difference between subclinical 
and uninfected purple finches was almost negligible. However, due to low 
numbers of subclinically infected birds identified, it is difficult to make definitive 
conclusions. It was not unexpected that birds exhibiting clinical signs had lower 
body mass than uninfected and subclinical birds because clinically affected 
birds were emaciated and dehydrated due to large necrotic and inflammatory 
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lesions in their mouths and crops that prevented them from ingesting food and 
water. It would be useful if future studies continued to include body mass of 
infected versus uninfected birds to determine species specific body mass 
ranges for uninfected finches versus those with clinical trichomonosis. This 
could provide an estimate of disease occurrence in the field (e.g., as a 
surveillance tool for trichomonosis at banding stations).   
 For the first time, this study recovered Trichomonas sp.  isolates from 
subclinically infected wild finches. Five purple finches captured in this study 
were subclinical at the time of testing (i.e., had a normal body mass and no 
trichomonosis clinical signs or lesions). However, within five weeks of capture, 
two of them died and were submitted for necropsy. Therefore, these two finches 
were re-classified as clinical cases of trichomonosis. No additional data on the 
remaining three subclinical purple finches were obtained. Anderson et al. (2010) 
examined survival times of wild house finches (Carpodacus mexicanus) infected 
with T. gallinae that were admitted for hospitalization. They found that 
trichomonosis was a severe, acute disease in house finches, and death 
occurred in 95% of house finches within 72 hours from admission or recognition 
of clinical signs (Anderson et al. 2010). Only three house finches were released 
at the end of Anderson et al.’s study (2010), but it is important to note that 
individuals in their study were treated with carnidazole and did not clear the 
infection naturally. Anderson et al. (2010) suggested that trichomonosis has an 
incubation period of two weeks. They based this conclusion on a group of 
finches which developed the disease two weeks after admission yet were never 
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in contact with other infected birds or equipment used on infected birds during 
hospitalization (Anderson et al. 2010). Furthermore, after recognition of clinical 
signs approximately 95% (63/66) of house finches died within 72 hours. They 
speculated that due to the highly fatal clinical course of this disease in house 
finches, it is unlikely that infected house finches are able to survive in the wild. 
Based on the results of Anderson et al. (2010), one would assume that the 
three subclinical purple finches tested in this study subsequently died but were 
not recovered. On the other hand, two of the subclinical purple finches in this 
study survived for five weeks post-swabbing, which is about three weeks longer 
than the incubation period suggested by Anderson et al. (2010). Therefore, a 
more comprehensive study examining the survival times of various wild finch 
species infected with varying doses of trichomonads would be useful to 
determine if these hosts are capable of clearing an infection and/or surviving as 
a carrier. Ideally, such a study would also determine whether or not subclinical 
infections in fact exist in wild finch species or if all infections inevitably progress 
to clinical disease.   
2.4.2 Climate significance 
 
  Trichomonosis emerged in the United Kingdom in 2005, however it was 
not until two years later, in 2007, that the disease was confirmed in the 
Canadian Maritime provinces. Since 1960, there has been a general increase in 
temperature and precipitation, and this change in climate may have created 
optimal conditions for parasite emergence. There remains the possibility that it 
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also emerged in the Canadian Maritime provinces prior to 2007, but went 
undetected. However, after examining the climate data, it was determined that 
at least in 2006, trichomonosis may not have been a factor in this region 
because in that year the weather conditions were not optimal for trichomonads 
to persist in the environment. Similarly, trichomonosis-related mortality was not 
identified in 2010, despite trichomonosis-related mortality being identified every 
summer and fall for the first three years (2007-2009) after its emergence in the 
Canadian Maritime provinces. The years 2006 and 2010 have very similar 
weather patterns, with above normal temperatures but average precipitation. 
Since trichomonads require moist conditions for environmental persistence 
(Stabler 1954) this temperature/precipitation combination, which results in drier 
environmental conditions, could have limited the survival of trichomonads in the 
environment, leading to decreased opportunities for parasite transmission 
compared to the years when trichomonosis-related mortality events occurred in 
the Canadian Maritime provinces. 
Finch trichomonosis mortality is often identified at public bird-feeding and 
watering stations where large numbers of birds congregate (Simpson and 
Molenaar 2006; Forzán et al. 2010; Neimanis et al. 2010). While this may 
simply reflect the fact that mortality is more easily identified at these sites, it is 
also speculated that indirect transmission associated with contaminated 
sources (bird seed, water bowls, or bird baths) plays a significant role in the 
increased occurrence of trichomonosis (Höfler et al. 2004; Cousquer 2005; Duff 
et al. 2007; Anderson et al. 2009; Neimanis et al. 2010; Robinson et al. 2010). 
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In addition to artificial water sources (i.e., birdbaths and watering stations), 
standing water (i.e., puddles or water in rain gutters) can potentially act in the 
transmission of this parasite (Stabler 1954; Bunbury et al. 2007). This study 
found that trichomonosis-related mortality events were only reported in the 
years with above-average precipitation and average, or slightly below average 
temperature. This combination of precipitation and temperature results in a 
damp environment. Despite the belief that T. gallinae cannot survive outside the 
host “for more than the briefest periods” (Stabler 1954), Kocan (1969) proved 
that under certain laboratory conditions T. gallinae can survive outside the host 
for up to 120 hours under moist conditions. Since it appears that moisture is key 
for the survival of this parasite, it makes sense that it would be more likely to 
persist in the environment (e.g., in birdfeeders, birdbaths, and puddles) in years 
when there is above average rainfall, and average (or slightly below average) 
temperatures.  
Bird feeding has been increasing in popularity since the 1950’s and in 
2010 bird feeding was second only to gardening as a hobby in the United States 
(Richardson 2012; Lukas 2011). This recent increase in bird feeding and 
watching has resulted in many people providing extra food year-round, 
particularly in the spring-summer months (Missouri Department of Conservation 
2012). Based on mortality events reported by the general public, finch mortality 
from trichomonosis in the Canadian Maritime provinces begins in May and 
continues into early fall. This study’s results suggest that the highest mortality in 
purple finches and American goldfinches coincides with the breeding seasons 
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of the respective species in this region. Purple finches generally breed during 
May/June, and mortality due to trichomonosis appears to peak a month later in 
July. Similarly trichomonosis in American goldfinches peaks in August, one 
month after the beginning of their breeding season. These results are similar to 
those of Anderson et al. (2010) who also found that trichomonosis appears to 
peak in California, USA house finch populations in their breeding season. It is 
possible that high energy demands of breeding increase reliance on public 
feeding and watering stations during this stressful time, leading to an increased 
potential for transmission of trichomonads and an associated peak in 
trichomonosis mortality. It is also possible that the stress of breeding leads to 
immunosuppression of adult birds, making them more susceptible to infection 
with Trichomonas sp. and the development of clinical disease. With regard to 
hatch year birds, they may be more susceptible to infection with Trichomonas 
sp. and the development of clinical disease due to their limited immunity and 
high risk of vertical transmission (e.g., when an infected parent shares food with 
offspring). 
Parasite host switching has been correlated with events of episodic 
climate change (Brooks and Hoberg 2007). Climate change creates ecological 
disturbances, which can cause geographical and phenological shifts and thus 
alter the dynamics of parasite transmission, and it is this alteration that may 
increase the potential for host switching (Brooks and Hoberg 2007). Climate 
change can affect assemblages of hosts and parasites in one (or more) of three 
ways: numerical, microevolutionary, and functional. Numerical responses 
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include changes in parasite development and survival (Kutz et al. 2004; Brooks 
and Hoberg 2007). Microevolutionary responses include patterns of local 
adaptation, such as changes in gene frequencies through mutation. It is 
important to note that microevolutionary changes have not yet been linked 
directly to climate change, but it is speculated that they are correlated (Dobson 
and Foufopoulus 2001; Brooks and Hoberg 2007). Finally, functional responses 
include biotic expansion of hosts and parasites, which includes shifting 
geographical ranges, altered phenology (particularly for habitat use), and 
modification of contact zones (Parmesan 2006; Brooks and Hoberg 2007). 
Functional responses have major influence on biotic structure and are 
responsible for distribution of parasite-host assemblages throughout history 
(Brooks and Hoberg 2007). More importantly, these three response types can 
be synergistic or cumulative, which affect the structure of the entire parasite-
host community during a climate change episode. For example, changes may 
begin with host colonization and disease outbreaks on local spatial and fine 
temporal scales, and may lead to ‘mosaics of emergence‘ that arise from 
established associations (Brooks and Hoberg 2007). These newly established 
associations may then multiply and emerge through new geographic or host 
colonization (Dobson and Foufopoulus 2001; Haydon et al. 2002; Brooks and 
Hoberg 2007). As previously mentioned, data based on climate normals from 
1961 to 2000 and weather trends for 2000-2011 for the Canadian Maritime 
provinces indicate that both temperature and precipitation have increased in this 
region. It is reasonable to speculate that this shift in climate has resulted in 
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host-switching of Trichomonas sp. in one or more possible ways: numerical 
and/or functional. Numerically, the survival of Trichomonas sp. may have been 
altered due to a shift in weather patterns resulting in warmer, wetter conditions 
which would allow this parasite to persist in the environment outside its host. 
Functionally, changes in contact zones and phenology may have allowed host-
switching of Trichomonas sp. as reservoir hosts of this parasite (e.g., rock 
pigeons) may have more contact with naïve species (e.g., finch species) 
through supplementary feeding and watering stations provided by the general 
public. Furthermore, these two responses (numerical and functional) are most 
likely synergistic and/or cumulative in the emergence of finch trichomonosis.  
Monitoring and managing emerging infectious diseases requires 
communication and strategic planning by veterinary and wildlife health 
professionals with the general public.  This study has highlighted several factors 
that likely played a role in the emergence of trichomonosis in the Canadian 
Maritime provinces, particularly changing climate, increased abundance of the 
reservoir host and altered human activities creating greater contact between the 
reservoir host and naïve species, increasing the possibility for transmission of 
Trichomonas sp.. Therefore, future studies should include monitoring shifts in 
host associations of Trichomonas sp. and comparing them to historical data. 
This will help assess the future potential risk of this parasite and by doing so, 
aid in the creation, and modification, of recommendations for prevention of 
trichomonosis, ultimately protecting the health and welfare of wild avifauna. 
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Chapter 3: MOLECULAR CHARACTERIZATION OF TRICHOMONAS 
GALLINAE ISOLATES RECOVERED FROM CANADIAN MARITIME 
PROVINCES’ AVIFAUNA REVEALS PRESENCE OF MULTIPLE STRAINS  
3.1 Introduction 
 
  Trichomonas gallinae is a protozoan parasite known to infect the upper 
digestive tract and various other organs of columbids (i.e., pigeons and doves), 
raptors (i.e., eagles and hawks), and passerines (i.e., finches, sparrows, and 
corvids) (Krone et al. 2005; Bunbury et al. 2007; Anderson et al. 2009). In 2005, 
trichomonosis was first recognized as an emerging infectious disease of wild 
finches in Great Britain (Pennycott et al. 2005; Lawson et al. 2006). The species 
affected in the summer/autumn seasonal epidemic were primarily greenfinch 
(Carduelis chloris) and chaffinch (Fringilla coelebs). Although this disease had 
been previously reported infrequently in captive and free-ranging finches in 
Britain, the 2005-2006 (and on-going) outbreak is the first reported instance of a 
large-scale epidemic mortality due to trichomonosis in passerine species 
(Lawson et al. 2011a). In the years following the initial outbreak in the western 
and central counties of England and Wales, trichomonosis has spread to 
eastern England (2007) and southern Fennoscandia (2008), possibly due to 
chaffinch migration patterns (Neimanis et al. 2010; Robinson et al. 2010; 
Lawson et al. 2011a). Since the disease was first reported in Great Britain, 
trichomonosis has also emerged as an infectious disease causing mortality in 
finch populations of the Canadian Maritime provinces (Forzán et al. 2010) in 
2007 and in west and east-central United States of America (Gerhold 2009) and 
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western Canada (Canadian Cooperative Wildlife Health Centre unpublished 
data) in 2009. 
In the late summer/early fall of 2007, trichomonosis was first recognized 
in purple finch (Carpodacus purpureus) populations of Nova Scotia, Canada 
(Forzán et al. 2010). In the following summer and fall, the Canadian 
Cooperative Wildlife Health Centre (CCWHC), Atlantic region, confirmed 
additional trichomonosis-related mortalities in purple finch populations of Nova 
Scotia and Prince Edward Island (PEI) and in American goldfinch (Carduelis 
tristis) populations of New Brunswick (Forzán et al. 2010). In 2009, the CCWHC 
confirmed trichomonosis mortalities in all three Canadian Maritime provinces 
during the same seasons, and diagnosed the disease in a new species, the 
pine siskin (Cardeulis pinus) (CCWHC unpublished data). The diagnosis of 
trichomonosis in  the Canadian Maritime provinces in the summer and fall of 
three consecutive years involving multiple finch species not previously affected 
by the disease suggests that trichomonosis is an emerging disease in this 
region. 
The origin of trichomonosis among finches in either Canada or the United 
Kingdom (UK) is unknown, but sympatric columbids are suspected to be the 
most likely reservoir (Robinson et al. 2010). Columbids have a long-standing 
history of T. gallinae infection, are the only known avian group to have an 
asymptomatic carrier state, and are thus considered the natural reservoir of the 
parasite. It is hypothesized that the parasite causing trichomonosis in UK 
finches is genetically similar to that causing disease in Canadian finches, but 
96 
 
 
 
the research to support this hypothesis has not been conducted. Therefore, this 
present study looked for evidence of genetic homogeneity in T. gallinae (1) 
recovered from columbids, finches and raptors from the Canadian Maritime 
provinces and (2) between Canadian isolates and published T. gallinae 
sequences, including isolates from Great Britain. Additionally, (3) temporal, 
geographical and species-speci¿FYDULDWLRQ amongst isolates from the Canadian 
Maritime provinces was examined. Isolates were examined by amplifying both 
the 5.8S rDNA gene and the flanking internal transcribed spacer regions (ITS1 
and ITS2) (herein referred to as ITS) and the hydrogenosomal Fe-hydrogenase 
(Fe-hyd) gene. Fe-hydrogenase is a protein that is linked with adenosine 
triphosphate generation in the hydrogenosomes of amitochondrial protists (Gill 
et al. 2007). The Fe-hyd gene is a house-keeping gene common to 
amitochondrial protists, and was chosen because it has been successfully used 
to evaluate evolutionary relationships amongst these organisms, as well as for 
Trichomonas vaginalis (Voncken et al., 2002; Lawson et al. 2011b).  
3.2 Materials and Methods 
3.2.1 Parasite recovery from columbids, finches and raptors 
  
  Forty-three Trichomonas sp. isolates were collected between 2009 and 
2011 from rock pigeons (Columba livia) (n = 12), finches (n = 29), a bald eagle 
(Haliaeetus leucocephalus) (n = 1) and bird seed (n = 1) from the Canadian 
Maritime provinces (Table 3.1 and Figure 3.1). See chapter 2 for sampling 
methodology.  
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Table 3.1 Case data and Trichomonas sp. isolates used for the ITS and Fe-
hydrogenase (Fe-hyd) PCR analyses. The last two digits of the year of 
collection are indicated as the first two digits of the case number. Bird state 
(alive or dead) indicates whether the sample was collected in-field or at 
necropsy. All isolates except for isolates # 8 and 43 were successfully 
sequenced following Fe-hyd amplification. T. gallinae genotype results, from 
ITS sequence data, are recorded in the last column. 
 
Isolate 
 ID 
Case 
no. 
Species Bird 
state 
Disease 
state 
Site location ITS 
Genotype  
1 09-01 American goldfinch Alive Subclinical Vernon River, PEI B 
2 09-02 American goldfinch Alive Subclinical Vernon River, PEI B 
3 09-07 American goldfinch Alive Subclinical Vernon River, PEI B 
4 09-14 American goldfinch Alive Subclinical New Haven, PEI B 
5 09-28 American goldfinch Alive Subclinical New Haven, PEI B 
6 11-116 American goldfinch Alive†† Clinical Orwell, PEI B 
7 11-122 American goldfinch Alive Clinical  Orwell, PEI B 
8 11-04 Bald eagle Alive Subclinical  AVC teaching hospital Neither* 
9 09-04 Purple finch Alive† Clinical Vernon River, PEI B 
10 09-08 Purple finch Alive Clinical Vernon River, PEI B 
11 09-12 Purple finch Alive Subclinical Vernon River, PEI B 
12 09-13 Purple finch Alive Subclinical Vernon River, PEI B 
13 09-15 Purple finch Alive Clinical Vernon River, PEI B 
14 09-24 Purple finch Alive Subclinical New Haven, PEI B 
15 11-29 Purple finch Dead Clinical Durham Bridge, NB B 
16 11-31 Purple finch Alive† Subclinical Durham Bridge, NB B 
17 11-32 Purple finch Alive Subclinical Durham Bridge, NB B 
18 11-46 Purple finch Alive Subclinical Durham Bridge, NB B 
19 11-50 Purple finch Alive† Subclinical Durham Bridge, NB B 
20 11-100 Purple finch Dead Clinical Pointe-du-Chêne, NB B 
21 11-136 Purple finch Alive Subclinical Pointe-du-Chêne, NB B 
22 11-113 Purple finch Alive Clinical Orwell, PEI B 
23 11-114 Purple finch Alive†† Clinical Orwell, PEI B 
24 11-115 Purple finch Alive Clinical Orwell, PEI B 
25 11-117 Purple finch Alive Clinical Orwell, PEI B 
26 11-119 Purple finch Alive Clinical Orwell, PEI B 
27 11-120 Purple finch Alive Clinical Orwell, PEI B 
28 11-121 Purple finch Alive Clinical Orwell, PEI B 
29 11-124 Purple finch Alive Clinical Orwell, PEI B 
30 11-146 Purple finch Dead Clinical Montague, PEI B 
31 10-08 Rock pigeon Alive Subclinical Charlottetown, PEI B 
32 10-09 Rock pigeon Alive Subclinical Charlottetown, PEI B 
33 10-12 Rock pigeon Alive Subclinical Charlottetown, PEI B 
34 10-14 Rock pigeon Alive Subclinical Charlottetown, PEI A 
35 10-16 Rock pigeon Alive Subclinical Charlottetown, PEI B 
36 11-06 Rock pigeon Alive Subclinical New Dominion, PEI B 
37 11-07 Rock pigeon Alive Subclinical New Dominion, PEI A 
38 11-08 Rock pigeon Alive Subclinical New Dominion, PEI B 
39 11-09 Rock pigeon Alive Subclinical New Dominion, PEI B 
40 11-12 Rock pigeon Dead Clinical Charlottetown, PEI B 
41 11-13 Rock pigeon Dead Subclinical Murray River, PEI B 
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42 11-151 Rock pigeon Dead Subclinical Charlottetown, PEI A 
43 09-BF Bird seed N/A N/A New Haven, PEI B 
 
† died after swabbing (days to weeks), confirmed trichomonosis as cause of 
death via post mortem examination†† died immediately after swabbing (approx. 
45 minutes), confirmed trichomonosis as cause of death via post mortem 
examination * identified as a Trichomonas sp. 
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Figure 3.1 Geographic site locations in the Canadian Maritime provinces where 
Trichomonas sp. isolates examined in this study were collected. Superscripts 
correspond to the species the isolate was recovered from: F = finch; P = pigeon; 
and BF = birdfeed. Refer to table 3.1 for additional details for each isolate. 
 
  
100 
 
 
 
 3.2.2 Parasite culture and cryopreservation 
 
  Parasite growth cultures using  the InPouch TF (BioMed Diagnostics, 
San Jose, California) method (see chapter 2 for culture methodology) were 
monitored daily using a double chamber hemacytometer, counting at 200X 
magnification (per the manufacturer’s instructions). Parasite counts of motile 
trichomonads were performed on both grids of the hemacytometer, examining 
only the four outer corner squares and center square of the ruled grid. If results 
did not correlate within 10%, the process was repeated and the average of the 
four counts was taken instead of the two. Total number of parasites per millilitre 
corresponded to the [((average count/0.2)x2)x1000)]. Once parasites reached 
mid-log phase, they were cryopreserved by adding 100µl of 100% glycerol to 
1ml of the parasite culture. This total volume was subdivided into four separate 
500µl aliquots and stored in liquid nitrogen. An additional 1ml aliquot of the 
original parasite culture was collected to be used for DNA extraction.  
3.2.3 PCR for ITS and Fe-hyd gene regions 
 
  Trichomonas sp. DNA was obtained from culture isolates using a 
QIAGEN Mini kit (QIAGEN, Valencia, California) as per the manufacturer’s 
instructions for cell cultures. DNA extracts of 43 isolates were examined using 
polymerase chain reaction (PCR) protocols specific for ITS and Fe-hyd gene 
regions (see Table 3.1). DNA amplification of the rDNA ITS including the 5.8S 
rDNA gene and the flanking ITS1 and ITS2 regions (~ 300 bp) was performed 
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using trichomonad-specific primers TFR1 (5’-
TGCTTCAGTTCAGCGGGTCTTCC-3’) and TFR2 (5’-
CGGTAGGTGAACCTGCCGTTGG-3’) (Felleisen 1997) while amplification of 
the Fe-hyd gene region (~ 900 bp) used the primers TrichhydFOR (5’-
GTTTGGGATGGCCTCAGAAT-3’) and TrichhydREV (5’-
AGCCGAAGATGTTGTCGAAT-3’) (Lawson et al. 2011b). PCR conditions 
contained 12.5µl Amplitaq Gold Master Mix (Applied Biosystems manufactured 
by Roche, Branchburg, New Jersey), 4.5µl nuclease free water, 2.5µl forward 
primer (10µM), 2.5µl reverse primer (10µM) and 3µl of undiluted target DNA 
was performed in duplicate. For each reaction, negative controls consisted of 
substituting DNA with 3µl of nuclease free water and positive controls used 3µl 
of previously extracted T. gallinae DNA from finches of the Canadian Maritime 
provinces (obtained in 2009) (ITS) and T. gallinae DNA from a British 
greenfinch (Fe-hyd) respectively, instead of target DNA. PCR parameters for 
ITS amplification were 94°C for 2 minutes, followed by 40 cycles of 94°C for 30 
seconds, 67°C for  30 seconds, 72°C for 2 minutes and a final extension at 72°C 
for 15 minutes. PCR parameters for Fe-hyd amplification were 94°C for 15 
minutes, followed by 35 cycles of 94°C for 1 minute, 66 °C for 30 seconds, 72°C 
for 1 minutes and a final extension at 72°C for 5 minutes. PCR amplicons were 
then examined via gel electrophoresis. 
3.2.4 Phylogeny reconstruction 
 
  PCR products were sequenced in both directions at the McGill University 
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and Genome Québec Innovation Centre, Montréal, Québec. Isolates were 
aligned with published trichomonad sequences from GenBank using BioEdit 
(Hall 1999) (Table 3.2 and Table 3.3). Phylogenies were constructed separately 
for ITS (unrooted phylogeny) and Fe-hyd regions (rooted phylogeny), using 
MEGA version 5.05 (Tamura et al. 2011). Phylogenies were constructed using 
neighbour-joining (NJ) algorithm, maximum parsimony (MP) and maximum 
likelihood (ML). Statistical support for NJ, ML, and MP tree topologies were 
bootstrap-sampled 1,000 times. Bootstrap support values (%) of NJ, MP, and 
ML analysis were superimposed on the NJ consensus trees.  
 For phylogeny reconstruction using the ITS region, NJ tree evolutionary 
distances were computed using the Tamura-Nei method (Tamura and Nei 
1993) and are reported in the units of the number of base substitutions per site. 
The MP tree was obtained using the Close-Neighbour-Interchange algorithm 
(Nei and Kumar 2000) with search level 2 (Felsenstein 1985; Nei and Kumar 
2000) in which the initial trees were obtained with the random addition of 
sequences (10 replicates) (Bootstrap values of tree #1 out of 376 most 
parsimonious trees were used). Bootstrap values of the ML tree with the highest 
log likelihood are shown. Initial tree(s) for the heuristic search were obtained 
automatically by applying Neighbour-Joining and BioNJ algorithms to a matrix of 
pairwise distances estimated using the Maximum Composite Likelihood (MCL) 
approach, and then selecting the topology with superior log likelihood values. 
For all trees, all positions containing gaps and missing data were eliminated. 
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Table 3.2 Trichomonas spp. isolates used in ITS phylogeny construction. 
GenBank  
accession 
number 
Species Host Origin 
EU881913 T. gallinae Barn owl  
Tyto alba 
Spain 
EU881914 T. gallinae Bonelli’s eagle  
Hieraatus fasciatus 
Spain 
EU881915 T. gallinae Bonelli’s eagle  
Hieraatus fasciatus 
Spain 
EU881917 T. gallinae Booted eagle  
Hieraatus pennatus 
Spain 
GQ150752 T. gallinae British finches United Kingdom 
EU215368 T. gallinae Broad winged hawk  
Buteo platypterus 
USA 
EU881916 T. gallinae Common kestrel  
Falco tinnunculus 
Spain 
EU215364 T. gallinae Eurasian collared dove  
Streptopelia decaoacto 
USA 
EU215363 T. gallinae Eurasian collared dove  
Streptopelia decaoacto 
USA 
EU290649 T. gallinae House finch  
Carpodacus mexicanus 
USA 
EU215362 T. gallinae Rock pigeon  
Columbia livia 
USA 
EF208019 T. gallinae Mauritian columbids  Mauritius 
EU215369 T. gallinae Mourning dove  
Zenaida macroura 
USA  
EU881911 T. gallinae Rock pigeon  
Columbia livia 
Spain 
EU881912 T. gallinae Rock pigeon  
Columbia livia 
Spain 
EU215362 T. gallinae Rock pigeon  
Columbia livia 
USA 
AY349182 T. gallinae Rock pigeon  
Columbia livia 
-- 
U86614 T. gallinae ATCC 30230 strain -- 
EU215367 Trichomonas sp. Band-tailed pigeon  
Patagioenas fasciata 
USA 
FN433478 Trichomonas sp. Bearded vulture  
Gypaetus barbatus 
Czech Republic 
EU215358 Trichomonas sp. Common ground-dove  
Columbina passerina 
USA 
EU215359 Trichomonas sp. Common ground-dove  
Columbina passerina 
USA 
EU215366 Trichomonas sp. Coopers hawk  
Accipter cooperii 
USA 
EU215365 Trichomonas sp. Mourning dove  
Zenaida macroura 
USA 
EU215360 Trichomonas sp. White-winged dove  
Zenaida asiatica 
USA 
EU215361 Trichomonas sp. White-winged dove  
Zenaida asiatica 
USA 
AY349185 T. vaginalis Human -- 
AY349184 T. vaginalis Human -- 
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Table 3.3 Trichomonas spp. isolates used in Fe-hydrogenase gene phylogeny 
construction. 
GenBank  
accession 
number 
Species Host Origin 
JF681136 T. gallinae British finches United  
Kingdom 
JF681141 T. gallinae Madagascar turtle-dove  
Streptopelia picturatan 
Seychelles 
JF681138 T. gallinae Seychelles blue pigeon  
Alectroenas pulcherriman 
Seychelles 
JF681139 T. gallinae Seychelles blue pigeon  
Alectroenas pulcherriman 
Seychelles 
JF681140 T. gallinae Seychelles blue pigeon  
Alectroenas pulcherriman 
Seychelles 
JF81137 T. gallinae Seychelles blue pigeon  
Alectroenas pulcherriman 
Seychelles 
JF681142 T. gallinae Zebra dove  
Geopelia striatan 
Seychelles 
AF446077 T. gallinae -- -- 
XM_001310179 T. vaginalis Human -- 
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There were a total of 211 positions in the final dataset. Evolutionary analyses 
were conducted in MEGA 5.05 (Tamura et al. 2011).  
 For phylogeny reconstruction based on Fe-hyd, NJ tree evolutionary 
distances were computed using the Tamura-Nei method (Tamura and Nei 
1993) and are in the units of the number of base substitutions per site. The rate 
variation among sites was modeled with a gamma distribution (shape parameter 
= 5). The MP tree was obtained using the Close-Neighbour-Interchange 
algorithm (Nei and Kumar 2000) with search level 2 (Felsenstein 1985; Nei and 
Kumar 2000) in which the initial trees were obtained with the random addition of 
sequences (10 replicates) (Bootstrap values of tree #1 out of 92 most 
parsimonious trees were used). Bootstrap values of the ML tree with the highest 
log likelihood are shown. Initial tree(s) for the heuristic search were obtained 
automatically as follows: when the number of common sites is < 100 or less 
than one fourth of the total number of sites, the maximum parsimony method 
was used; otherwise BIONJ method with MCL distance matrix was used. A 
discrete Gamma distribution was used to model evolutionary rate differences 
among sites (five categories). For all trees, all positions containing gaps and 
missing data were eliminated. There were a total of 900 positions in the final 
dataset. Evolutionary analyses were conducted in MEGA5.05 (Tamura et al. 
2011). 
 In addition to reconstructing phylogeny based on the Fe-hyd gene 
sequence, phylogeny was reconstructed using the Fe-hyd amino acid 
sequence. The Fe-hyd nucleotide sequences were translated in frame using 
106 
 
 
 
BioEdit (Hall 1999). NJ tree evolutionary distances were computed using the 
Jones-Taylor-Thornton (JTT) model (Jones et al. 1992) and are in the units of 
the number of amino acid substitutions per site. The rate variation among sites 
was modeled with a gamma distribution (shape parameter = 5). The MP tree 
was obtained using the Close-Neighbour-Interchange algorithm (Nei and Kumar 
2000) with search level 2 (Felsenstein 1985; Nei and Kumar 2000) in which the 
initial trees were obtained with the random addition of sequences (10 
replicates). (Bootstrap values of tree #1 out of 170 most parsimonious trees 
were used). Bootstrap values of the ML tree with the highest log likelihood are 
shown. Initial tree(s) for the heuristic search were obtained automatically as 
follows: when the number of common sites is < 100 or less than one fourth of 
the total number of sites, the maximum parsimony method was used; otherwise 
BIONJ method with MCL distance matrix was used. A discrete Gamma 
distribution was used to model evolutionary rate differences among sites (5 
categories). For all trees, all positions containing gaps and missing data were 
eliminated. There were a total of 300 positions in the final dataset. Evolutionary 
analyses were conducted in MEGA5.05 (Tamura et al. 2011). 
3.3 Results 
3.3.1 ITS DNA region 
 
  Two nucleotide sequences (324 nucleotides), genotype A and genotype 
B, were obtained for T. gallinae isolates recovered from finches, rock pigeons 
and birdseed from the Canadian Maritime provinces following amplification of 
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the ITS region (Figure 3.2). Thirty-nine sequences, collected from rock pigeons 
(n = 9), purple finches (n = 22), American goldfinches (n = 7), and an aggregate 
of birdseed from a compost bin (n = 1) were identified as T. gallinae genotype B 
and all these were found to be identical to the clonal UK epidemic strain. The 
remaining three sequences, all from rock pigeon isolates, were T. gallinae 
genotype A. The isolate recovered from the bald eagle treated at the Atlantic 
Veterinary College Teaching Hospital was neither genotype A nor B and 
grouped with a Trichomonas sp. isolate recovered from a bearded vulture 
(Gypaetus barbatus) from the Czech Republic (93%/*/99%).  
3.3.2 Fe-hyd gene region 
 
  The Fe-hyd nucleotide sequences (969 nucleotides) were obtained from 
all finch and rock pigeon isolates from the Canadian Maritime provinces (n=41). 
Multiple attempts to amplify the Fe-hyd gene from DNA extracted from isolates 
8 (bald eagle) and 43 (birdfeed) were unsuccessful. Sequence variation was 
detected amongst both pigeon and finch isolates (Figure 3.3). Although 
sequence variation was detected at the nucleotide level, there was sequence 
conservation at the amino acid level amongst finch and pigeon isolates, 
depending on the genotype they belonged to (Figure 3.4). Specifically, the 
amino acid sequence of the three genotype A isolates differed from genotype B 
isolates. Canadian Maritime provinces’ genotype B isolates were identical at the 
amino acid sequence level to isolates from both British finches and Seychelles 
columbids.  
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Figure 3.2 Phylogeny of Trichomonas gallinae inferred from ITS sequences. 
The evolutionary history was inferred using Neighbour-Joining (NJ) (Saitou and 
Nei 1987), Maximum Parsimony (MP) and Maximum Likelihood (ML) (Tamura 
and Nei 1993). Branches corresponding to partitions reproduced in less than 
60% bootstrap replicates are collapsed (Felsenstein 1985). The percentage of 
replicate trees in which the associated taxa clustered together in the bootstrap 
test (1000 replicates) is shown next to the branches (Felsenstein 1985). All 
positions containing gaps and missing data were eliminated. There were a total 
of 210 positions in the final dataset. Evolutionary analyses were conducted in 
MEGA5.05 (Tamura et al. 2011). T. gallinae splits into two very distinct 
branches: genotype A and genotype B. Both groups differ from the other 
species, including Trichomonas sp. from the oral cavity of birds (Gerhold et al. 
2008), and from the closest species, such as Trichomonas vaginalis. 
Superscripts correspond to the species the isolate was recovered from: F = 
finch; P = pigeon; BE = bald eagle; and BF = birdfeed. Refer to Table 3.1 for 
additional details for each isolate. 
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Figure 3.3 Phylogeny of Trichomonas gallinae inferred from Fe-hydrogenase gene sequences.The evolutionary history was inferred 
using Neighbour-Joining (NJ) (Saitou and Nei 1987), Maximum Parsimony (MP) and Maximum Likelihood (ML) (Tamura and Nei 1993 
Branches corresponding to partitions reproduced in less than 60% bootstrap replicates are collapsed (Felsenstein 1985). The 
percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to 
the branches (Felsenstein 1985). All positions containing gaps and missing data were eliminated. There were a total of 900 positions in 
the final dataset. Evolutionary analyses were conducted in MEGA5.05 (Tamura et al. 2011). T. gallinae splits into two very distinct 
branches: genotype A and genotype B (isolates 1-7, 9-33, 35-36, 38-41 and the British finch strain). Both groups differ from the other 
species, including Trichomonas vaginalis. Unfortunately, ITS genotyping information is not available for Seychelles columbid isolates. 
Superscripts correspond to the species the isolate was recovered from: F = finch and P = pigeon. Refer to Table 3.1 for additional details 
for each isolate. 
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Figure 3.4 Phylogeny of Trichomonas gallinae inferred from the Fe-
hydrogenase amino acid sequences. The evolutionary history was inferred 
using Neighbour-Joining (NJ) (Saitou and Nei 1987), Maximum Parsimony (MP) 
and Maximum Likelihood (ML) (Tamura and Nei 1993). Branches corresponding 
to partitions reproduced in less than 60% bootstrap replicates are collapsed 
(Felsenstein 1985). The percentage of replicate trees in which the associated 
taxa clustered together in the bootstrap test (1000 replicates) are shown next to 
the branches (Felsenstein 1985). All positions containing gaps and missing data 
were eliminated. There were a total of 300 positions in the final dataset. 
Evolutionary analyses were conducted in MEGA5.05 (Tamura et al. 2011). T. 
gallinae splits into two very distinct branches: genotype A and genotype B 
(isolates 1-7, 9-33, 35-36, 38-41 and the British finch strain). Both groups differ 
from the other species, including Trichomonas vaginalis. Unfortunately, ITS 
genotyping information is not available for Seychelles columbid isolates. 
Superscripts correspond to the species the isolate was recovered from: F = 
finch; P = pigeon; BE = bald eagle; and BF = birdfeed. Refer to Table 3.1 for 
additional details for each isolate. 
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3.4 Discussion  
 This study investigated the genetic diversity of T. gallinae in finch and 
columbid populations of the Canadian Maritime provinces’ following the 
emergence of finch trichomonosis in this region by examining both the ITS 
region and the Fe-hyd gene.  
 Examination of the ITS region revealed that two genotypes, A and B, are 
present in the wild avifauna of the Canadian Maritime provinces. In phylogenies 
based on ITS sequence data, T. gallinae splits into two very distinct branches: 
genotype A, which includes the sequences published by Felleisen (1997) and 
Gerhold et al. (2008), and genotype B, which includes sequences published by 
Kleina et al. (2004), Gaspar da Silva et al. (2007) and Gerhold et al. (2008). 
Both groups differ from the other Trichomonas species, including Trichomonas 
sp. (also referred to as T.vaginalis-like) from the oral cavity of birds (Gerhold et 
al. 2008; Grabensteiner et al. 2010), and Trichomonas vaginalis. All finch 
isolates in this study, whether they originated from birds with signs of clinical 
disease or not, were identical to the T. gallinae ITS region, genotype B. It is 
important to note that this genotype has also been identified in finch species 
from the United States (USA), and has been reported as the clonal UK epidemic 
strain (Gerhold et al. 2008; Lawson et al. 2011b). Genotype A, to which three of 
our rock pigeon isolates belong, has been reported in columbids from the USA 
and eastern Spain, as well as in raptors from eastern Spain (Gerhold et al. 
2008; Sansano-Maestre et al. 2009). In a prevalence study of T. gallinae, 
Sansano-Maestre et al. (2009) examined both clinical and subclinical cases of 
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trichomonosis in pigeons and raptors and found that genotype B isolates were 
recovered more frequently from birds with gross lesions, whereas genotype A 
isolates were recovered from those with subclinical infections, suggesting a 
relationship between genotype B and clinical disease. Sansano-Maestre et al. 
(2009) also speculated that genotype A parasites may be adapted to pigeon 
hosts as this genotype was much more prevalent in pigeons than in raptors. 
Similar to the Sansano-Maestre et al. (2009) study, we found that all genotype 
A isolates were recovered from birds, specifically rock pigeons, without gross 
lesions and/or clinical signs of trichomonosis, while all birds with gross lesions 
and/or clinical signs of trichomonosis were infected with genotype B. It is 
important to note that while all isolates recovered from either finches or pigeons 
with lesions and/or clinical signs were genotype B, not all genotype B isolates 
were recovered from birds with lesions and/or clinical signs. Also, while pigeon 
isolates were not all genotype A, all genotype A isolates in our study were 
recovered exclusively from pigeon hosts, none of which had clinical signs of 
disease. Our results support two hypotheses put forward by Sansano-Maestre 
et al. (2009), that (1) there may be a relationship between genotype B and 
clinical disease and (2) genotype A may be adapted to pigeon hosts.  
Through examination of multiple gene regions (ITS, Fe-hyd and small 
sub-unit rDNA), as well as random amplified polymorphic DNA analysis, 
Lawson et al. (2011b) examined over 50 isolates from clinically diseased 
finches and found no evidence for multiple strains, concluding that a clonal 
strain of genotype B was responsible for the emergence of epidemic 
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trichomonosis in Great Britain. They further speculated that due to the clonal 
nature of the passerine epidemic strain, it most likely recently arose from a 
bottleneck, such as a single spill-over event (i.e., host-switching). In our study, 
ITS sequence analysis revealed that all genotype B isolates from the Canadian 
Maritime provinces were identical to the UK epidemic strain. Furthermore, our 
examination of the hydrogenosomal Fe-hyd gene also revealed that a mixture of 
finch and pigeon isolates (1-6, 9, 12-18, 20-33 and 38-39) are identical to the 
UK epidemic strain (Lawson et al. 2011b).  
While finding similarities amongst UK and Canadian isolates, Fe-hyd 
sequence analysis revealed variation amongst some of the Canadian genotype 
B isolates at the nucleotide level (7, 10-11, 19 and 40-41). Based on Fe-hyd 
nucleotide sequence analysis, six Canadian genotype B isolates (7, 10-11, 19 
and 40-41; mixture of finch and pigeon isolates) and three Canadian genotype 
A isolates (34, 37, and 42) were found to be different from both the clonal UK 
epidemic strain and the isolates from the Canadian Maritime provinces’ that are 
genetically similar those UK isolates (see Figures 3.1 and 3.2). This suggests 
divergence not only from the British finch and Seychelles columbid strains they 
were compared to, but also from each other, indicating that a number of strains 
of T. gallinae are present in the wild avifauna of the Canadian Maritime 
provinces. Analysis of Fe-hyd gene of isolates from the Canadian Maritime 
provinces showed that there is fine-scale variation amongst isolates and 
suggests there is a possibility that the emergence of finch trichomonosis in this 
region may not have been caused by a single spill-over event. The presence of 
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temporal, spatial or species trends in Canadian wild avian populations are not 
supported by the present study’s Fe-hyd data (see Table 3.1 and Figure 3.3). 
For example, two purple finch isolates (10 and 11), grouped separately from 
other isolates from the Canadian Maritime provinces (69%/66%/90%). These 
two isolates were collected the same year, from the same species at the same 
site, however, there were other isolates collected from this same site, on the 
same date, yet all the isolates did not group together (see Table 3.1 and Figure 
3.3). The only grouping, based on Fe-hyd, that can be explained is that of the 
three pigeon isolates (34, 37, and 42) (98%/92%/80%) that are all T. gallinae 
genotype A (based on ITS sequence data). 
Fe-hyd nucleotide sequence analysis revealed that two pigeon isolates 
(40 and 41) from the Canadian Maritime provinces grouped with an isolate 
recovered from a Madagascar turtle dove (Streptopelia picturata) (98%/*/95%). 
Two possible explanations for this are that the T. gallinae genotype B (the 
genotype of isolates 40 and 41) was geographically widespread prior to the 
emergence of finch trichomonosis in the UK and Canadian Maritime provinces 
and either (1) fine-scale variation and similarities exist among spatially distinct 
isolates or (2) similar isolates are independently evolving within differing hosts. 
It is important to note that despite fine-scale variation of the Fe-hyd gene 
at the nucleotide level, these variations were not seen at the amino acid level. 
Although amino acid sequence variation was seen between the two different 
genotypes, minimal variation was detected amongst genotype B isolates from 
the Canadian Maritime provinces and the British finch and Seychelles columbid 
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strains to which they were compared. All genotype B isolates, except one, were 
identical to the British finch and Seychelles columbid strains. Interestingly, the 
one genotype B isolate that showed variation (differed by one amino acid) was 
recovered from the only pigeon in this study with clinical disease. While it is 
tempting to speculate about an association between the protein encoded by the 
Fe-hyd gene and the increased pathogenicity of isolates belonging to the B 
genotype, it is currently unknown if this enzyme has any effect on the varying 
pathogenicity observed in T. gallinae. Therefore, further work must be done in 
this area before conclusions can be reached. 
Unexpectedly, the eagle isolate DNA sequence grouped with the ITS 
region of a Trichomonas sp. isolate recovered from a bearded vulture from the 
Czech Republic (93%/*/99%). In a previous study, this bearded vulture isolate 
was shown to have highest similarity with isolates belonging to a Trichomonas 
vaginalis-like clade (Grabensteiner et al. 2010). Phylogenetic analyses by 
Gerhold et al. (2008) using multiple gene regions (ITS, Į-tubulin and SSU 
rDNA) suggests the separation of avian trichomonad isolates into two separate 
clades – T. vaginalis-like and T. gallinae. Unfortunately, to date there has been 
no evidence to suggest the origin of the T. vaginalis-like clade in birds. It has 
been speculated that white-winged doves (Zeinaida asiatica) may be infected 
with their own unique trichomonad (Gerhold et al. 2008). The closest known and 
established white-winged dove population to the Canadian Maritime provinces 
is a population in Florida, USA. However, there have been reports of breeding 
populations as far north as East Virginia, USA (Schwertner et al. 2002). Bald 
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eagles have a considerably large range, and reports show that juveniles 
dispersing from a breeding population in Florida have travelled as far as Atlantic 
Canada, including PEI (Broley 1947; Wood and Collopy 1995). Additionally, 
there have been rare, but regular sightings of white-winged doves in the 
provinces of Atlantic Canada (Mactavish 2000). Therefore, there are several 
possibilities by which the bald eagle examined in this study could have become 
infected with a T. vaginalis-like isolate: (1) the bald eagle admitted to the 
Atlantic Veterinary Teaching Hospital migrated from Florida with a pre-existing 
trichomonad infection; (2) an indigenous or local eagle consumed an accidental 
vagrant white-winged dove infected with the T. vaginalis-like parasite; (3) the T. 
vaginalis-like parasite is endemic in the bald eagle population of the Candian 
Maritime provinces or (4) the eagle consumed an item contaminated with the T. 
vaginalis-like parasite.   
Based on our sequence analyses, all clinical cases of trichomonosis in 
finches of the Canadian Maritime provinces were associated with genotype B 
parasites, similarly to what has been found in the UK epidemic. Within this 
genotype, a fine-scale variation amongst parasite strains exists both within local 
and between global wild avifauna populations. Specifically, variation amongst 
isolates from the Canadian Maritime provinces was identified, indicating (1) the 
possibility that the emergence of finch trichomonosis was not caused by a 
clonal strain, or single spill-over event or (2) the possibility that a clonal strain is 
responsible for the initial emergence of finch trichomonosis in this region but 
has since genetically diversified. Unfortunately, due to a lack of published Fe-
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hydrogenase sequence data, it is difficult to determine if there are temporal, 
spatial or host species trends associated with the emergence of trichomonosis 
on a global scale. As a result, future studies should examine T. gallinae isolates 
using multiple gene regions in order to provide more detailed information about 
their genetics which could lead to a better understanding of the epidemiology of 
avian trichomonosis.   
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Chapter 4: THE POTENTIAL ROLE OF BIRD SEED AND WATER IN THE 
INDIRECT TRANSMISSION OF TRICHOMONAS GALLINAE AND A 
COMPARISON OF INPOUCH TF, DIAMOND’S AND TRYPTICASE YEAST 
EXTRACT MALTOSE (TYM) MEDIA FOR DETECTION OF TRICHOMONAS 
GALLINAE 
4.1 Introduction 
 
While Trichomonas gallinae is a well-known parasite of columbids and 
raptors, it is only within the past decade that this parasite has emerged 
worldwide as a cause of mortality in wild finch species (Anderson et al. 2010; 
Forzán et al. 2010; Neimanis et al. 2010; Robinson et al. 2010). Prior to 2005, 
there were no records of trichomonosis in free-ranging finches, and the reason 
for the emergence of this disease in the finch populations remains unclear. A 
common factor in the emergence of finch trichomonosis in all geographical sites 
is that mortality is identified where large numbers of birds congregate, 
particularly at public birdfeeding and watering stations (Simpson and Molenaar 
2006; Forzán et al. 2010; Neimanis et al. 2010). Therefore, it is commonly 
hypothesized that indirect transmission associated with bird seed, water bowls, 
or bird baths contaminated with T. gallinae plays a significant role in the 
increased prevalence of this disease (Boal and Mannan 1999; Höfler et al. 
2004; Cousquer 2005; Veterinary Laboratories Agency 2006; Duff et al. 2007; 
Anderson et al. 2010; Neimanis et al. 2010; Robinson et al. 2010).  
The only life stage of this parasite is the trophozoite, which is orally 
transmitted (direct transmission) from host to host (Stabler 1954). Due to the 
lack of a well defined resistant cyst stage, this parasite is considered to be 
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sensitive and vulnerable to environmental conditions. Furthermore, it has been 
suggested that due to the perceived frailty of the parasite, it is incapable of 
surviving in bird seed or water sources for extended periods of time (Stabler 
1954). Experimental evidence, however, has documented that T. gallinae is 
able to survive for up to 24 hours in water sources with elevated ionic 
concentrations, and can survive in moist grain for up to 120 hours (Kocan 
1969). Since Kocan’s (1969) study has not been replicated and many details 
concerning survival of the parasite outside the host remain unknown, further 
research exploring the exact mode of transmission at public bird feeding and 
watering stations is required. Prior to initiating a study of parasite survivability at 
these sites, be it bird-feeding stations or water baths, a reliable and 
reproducible technique for isolating T. gallinae from bird seed and water must 
be established.  
The InPouch TF method (BioMed Diagnostics, San Jose, California), a 
commercial diagnostic screening test for T. gallinae, is currently available. 
Originally, the InPouch TF culture kit was developed to screen for 
Tritrichomonas foetus infections in cattle (and subsequently for detection of T. 
foetus in felines), but it has also been proven as a reliable screening tool for 
other trichomonads, including T. gallinae (Bunbury et al. 2005). The two main 
advantages of using the InPouch TF culture  kit are that it  allows immediate 
viewing of the sample (equivalent to the wet-mount light microscopy method) 
while also  providing the ability to culture  the trichomonads. Numerous studies 
have compared the sensitivity of wet-mount microscopy and the InPouch TF 
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culture kits for detecting T. foetus, T. gallinae, and T. vaginalis (Ohlemeyer et al. 
1998; Gookin et al. 2004; Bunbury et al. 2005), and all concluded that the 
InPouch TF culture kit was more sensitive than traditional wet-mount light 
microscopy for detecting trichomonads. Despite the benefits of the InPouch TF 
culture kit, it is perceived as a costly test when compared to the traditional wet-
mount method. There are often multiple birdfeeders and/or birdbaths on a single 
property. Therefore, in practical terms, looking for potential fomites of T. gallinae 
at a single location would require testing multiple samples from multiple 
sources, thus increasing the overall cost of sampling. Furthermore, few studies 
have compared the diagnostic sensitivity of the InPouch TF culture kit media to 
traditional trichomonad culture media (such as Diamond’s medium) (Cover et al. 
1994).  
The goals of this study were to: (1) establish the survivability of T. 
gallinae in physiological saline in order to (2) develop a reproducible technique 
for recovering T. gallinae from bird seed and water, (3) experimentally test 
survival of T. gallinae in bird seed and water, (4) sample birdfeeders and 
birdbaths for T. gallinae at sites experiencing trichomonosis-related mortality, 
and (5) compare the sensitivity, ease-of-use and cost of the InPouch TF culture 
kit media to traditional trichomonad culture media - Diamond’s and trypticase 
yeast extract maltose (TYM). 
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4.2 Materials and Methods 
 
4.2.1 Parasite preparation 
 
  Fresh isolates of T. gallinae were cultured from two wild purple finches 
(Carpodacus purpureus) with clinical trichomonosis (hereafter referred to as 
isolates 11.113 and 11.146). Motile trichomonads were isolated by using cotton-
tipped swabs pre-moistened with sterile saline to sample the mucosal surface of 
the oral cavity and crop of the affected finches. The swabs were then used to 
immediately inoculate an InPouch TF culture kit. Parasite growth of each isolate 
in the InPouch was monitored daily using a double chamber hemacytometer, 
with 10µl of InPouch sample per grid, counting at 200X magnification (per the 
manufacturer’s instructions). Parasite counts of motile trichomonads were 
performed on both grids of the hemacytometer, examining only the four outer 
corner squares and centre square of the ruled grid. If results did not correlate 
within 10%, the process was repeated and the average of the four counts was 
taken instead of the two. Total number of parasites per millilitre corresponded to 
the [((average count/0.2)x2)x1000)]. Once parasites of each isolate reached 
mid-log phase they were individually diluted to the appropriate parasite 
densities to be used in recovery, seed and media comparison trials (see 
specifics below).  
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4.2.2 Survival of T. gallinae in saline and parasite recovery methodology 
 
  Saline was selected as the solution to be used in developing a method 
for recovering T. gallinae from bird feed and water based on its low cost and 
ability to support trichomonads (Kocan 1969). Before establishing a recovery 
method in-lab, trichomonad survival in saline was tested to ensure similar 
results were obtained as previously published (Kocan 1969). To do this, live T. 
gallinae SDUDVLWHVZHUHGLOXWHGWRSDUDVLWHVSHUȝORI,Q3RXFK7)
culture media, which was directly added to 4ml of pre-warmed (37°C) saline in a 
5ml tube, in triplicate (Kocan 1969). Saline solution samples were incubated at 
37°C and survival times of T. gallinae were monitored via wet-mount light 
microscopy. Wet-mounts were made by first inverting the samples five times 
IROORZHGE\SLSHWWLQJDȝODOLTXRWRQWRDJODVVVOLGHDQGFRYHUVOLSSLQJIRUOLJKW
microscopic examination for trichomonad activity at 200X magnification for a 
maximum of four minutes; after each aliquot was obtained, the samples were 
immediately placed back in the incubator without adding any fresh media. This 
procedure was repeated every 15 minutes for the first four hours and then every 
eight hours afterwards until no motile parasites were observed and the culture 
was presumed dead. Culture viability was established as the presence of at 
least one motile parasite in the sample.  
Parasite recovery from bird seed was accomplished by transferring bird 
seed to a 50ml tube and adding approximately 25ml of pre-warmed (37°C) 
saline. The 50ml tube containing bird seed and saline was shaken vigorously for 
128 
 
 
 
10 seconds, and the liquid drained. One ml of the drained liquid was collected 
and used to inoculate 4ml of InPouch culture media in a 5ml polypropylene 
round-bottom tube (Falcon).  InPouch culture media was monitored for 
trichomonad growth via wet-mount microscopy (200X magnification for a 
maximum of four minutes) for trichomonad activity immediately following 
inoculation and for an additional 120 hours for all samples. Parasite recovery 
from 50ml water samples was done by inverting the 50ml tube five times and 
removing 1ml of water and adding it to 4ml of InPouch culture media in a 5ml 
tube. The InPouch culture media was then monitored for growth via wet-mount 
microscopy (200X magnification for a maximum of four minutes) for 
trichomonad activity immediately following inoculation and every 24 hours for 
ten days for all samples. 
4.2.3 Survival of T. gallinae in bird seed and water 
 
  Three bird seed types were selected based on results of a public 
questionnaire conducted by the Canadian Cooperative Wildlife Health Centre 
(CCWHC), Atlantic region, in 2009 (CCWHC, unpublished data). This 
questionnaire targeted the birdfeeding public and was designed to gather 
information on birdfeeding preferences. Based on this questionnaire, the three 
most popular bird seed types used by the general public to attract finches were 
selected: a generic commercial bird seed mixture, black-oil sunflower seed and 
nyjer seed (used by 44%, 78% and 61% of questionnaire responders, 
respectively). 
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T. gallinae survival was tested in dry and moist bird seed. Fifty ml of bird 
seed (measured using a 50ml Fisherbrand tube) was added to Petri dishes (100 
mm X 15 mm) in triplicate and was treated as moist or dry bird seed. Prior to the 
addition of live T. gallinae, bird seed was either saturated with T. gallinae-free 
city tap water (see below) and allowed to soak for one hour at room 
temperature (moist bird seed) or simply allowed to stand at room temperature 
for one hour (dry bird seed).  
Parasites (isolate 11.113) were diluted to either low parasite density 
(1,000 parasites/ml) or high parasite density (10,000 parasites/ml). A 50ml stock 
solution of each density was prepared for individual seed trials to maintain 
FRQVLVWHQF\DPRQJDOOVDPSOHVLQHDFKWULDO7KUHHȝODOLTXRWVRIHDFKVWRFN
solution were checked via wet-mount light microscopy to confirm the presence 
of trichomonad activity prior to inoculation of bird seed. One ml of either low or 
high stock solution was used to inoculate Petri dishes containing bird seed. To 
cover as much seed area as possible, parasites were added in a spiraling 
motion, starting on the outside edge of the Petri dish moving inwards towards 
the center. Every three petri dishes, the parasite stock solution was inverted five 
times to ensure an even distribution of parasites throughout the media. 
Following inoculation, all Petri dishes containing bird seed were immediately 
incubated at 37°C, 72% average humidity (52% -84% range). The samples were 
removed at 1, 6, 12, 24, 48, 72, 96 and 120 hours and the entire sample was 
checked for viable parasites via the previously established recovery method 
described above (see 4.2.2). 
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Both city and well tap water was used in this experiment versus distilled 
water (sensu Kocan 1969) because tap water is more likely to be used by the 
public in their birdbaths and other artificial water sources provided for birds. 
Prior to commencing trials, however, it was necessary to confirm that both city 
and well tap water was T. gallinae-free. This was accomplished by using a 
bottle-WRSYDFXXPILOWHUSRUHVL]HȝPWRILOWHUL of tap water from each 
source. Following filtering, the bottle-top vacuum filter was rinsed with 50ml of 
pre-warmed (37°C) saline to dislodge and collect any potential adhering T. 
gallinae and then four 1ml sub-samples were collected from the rinsing volume 
of saline. One 1ml sub-sample was used to inoculate an InPouch TF culture kit, 
and was monitored for trichomonad growth. The other three 1ml subsamples 
were centrifuged (300 g for 5 minutes) and DNA was extracted using a QIAGEN 
Mini kit (QIAGEN, Valencia, California) per the manufacturer’s instructions. DNA 
amplification of the 5.8S rDNA gene and the flanking internal transcribed spacer 
regions (ITS1 and ITS2) was performed using trichomonad-specific primers 
TFR1 (5’-TGCTTCAGTTCAGCGGGTCTTCC-3’) and TFR2 (5’-
CGGTAGGTGAACCTGCCGTTGG-3’) (Felleisen, 1997). Polymerase chain 
reaction (PCR) containing 12.5µl Amplitaq Gold Master Mix (Applied 
Biosystems manufactured by Roche, Branchburg, New Jersey), 4.5µl nuclease 
free water, 2.5µl forward primer (10µM), 2.5µl reverse primer (10µM) and 3µl of 
undiluted target DNA was performed in duplicate. For each reaction, negative 
controls consisted of substituting 3µl of DNA with 3µl of nuclease free water and 
positive controls used 3µl of previously extracted T. gallinae DNA from 
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Canadian Maritime provinces’ finches, instead of target DNA. PCR parameters 
were 94°C for 2 minutes, followed by 40 cycles of 94°C for 30 seconds, 67°C 
for 30 seconds, 72°C for 2 minutes and a final extension at 72°C for 15 minutes. 
PCR reactions were then examined via gel electrophoresis to confirm the 
absence of T. gallinae DNA in city and well tap water.  
  Similar to the bird seed trial above, stock solutions of T. gallinae (isolate 
11.113) were prepared (low density of 1,000 parasites/ml and high parasite 
density of 10,000 parasites/ml). One ml of low or high parasite density stock 
solution was added directly to a 50ml tube containing  parasite-free city or well  
tap water, and it was then inverted five times to evenly distribute the parasites. 
Following inoculation, all samples were immediately incubated at 37°C, 72% 
average humidity (52%-84% range). T. gallinae survival in water was assessed 
at 1, 6, 12, 24, 48, 72, 96 and 120 hours by using the recovery method (see 
4.2.2). Immediately following the recovery method and prior to incubation, all 
samples of both seed and water were viewed under a microscope for 
trichomonad activity. 
4.2.6 In-field birdfeeder and birdbath testing  
 
  Samples were collected in May-August of 2009 and 2011 from 
birdfeeders and birdbaths at properties that were suspected or confirmed to be 
experiencing concomitant finch trichomonosis mortality in the corresponding 
year. Specifically, samples were collected from birdfeeders, displaced bird seed 
found on the ground, discarded bird seed and anthropogenic water-sources, 
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such as birdbaths, children’s pools and waterfalls. In 2009, feed and water 
sources were tested for T. gallinae by swabbing them using a cotton-tipped 
swab pre-moistened with sterile saline. The swabs were used to immediately 
inoculate an InPouch TF culture kit at the site prior to transport back to the lab 
for incubation at 37°C. In 2011, sources were tested using the experimen tal 
recovery method described above (see 4.2.2). Collected samples were 
maintained in 37°C saline, in -field and during transport to the laboratory, using a 
Hova-Bator egg incubator (circulated air model no. 2362N, 20.3 watt, 115 volt 
AC, G.Q.F.MFG. Co. Inc. Savannah, GA). Once the samples were in the lab, 
the recovery method was followed, and the samples were inoculated into 
InPouch TF culture media and monitored for 120 hours. 
4.2.7 Comparison of InPouch TF, Diamond’s and TYM media 
 
  Diamond’s and TYM culture media were prepared according to Clark and 
Diamond (2002), and Gelbart et al. (1990), respectively, and a 4ml aliquot of 
each placed in 5ml tubes. Four ml of InPouch TF media was aseptically 
transferred from the InPouch TF culture kit to 5ml tubes to maintain consistency 
during the media comparisons. Parasites of each isolate (11.113 and 11.146) in 
mid-log phase growth were diluted to 300 parasites/ml (Gelbart et al. 1990), and 
1ml was used to inoculate tubes of fresh media, in triplicate, for each isolate. 
Tubes were incubated at 37°C and removed for counting every hour for the first 
12 hours and every 12 hours afterwards for 7 days. Hemacytometer counts 
were performed after inverting media tubes five times, following the procedure 
133 
 
 
 
described in 4.2.1 and counting only motile trichomonads. Tubes were kept 
tightly capped and opened only for sampling purposes. 
In a separate trial to compare the analytical sensitivity of the three media 
types, each media type was inoculated, in triplicate, with an initial concentration 
of 300 parasites/ml of isolate 11.113. Parasite densities were then 
systematically lowered for each trial (i.e., 150 parasites/ml, 75 parasites/ml, 37 
parasites/ml) to an endpoint of approximately 35 parasites/ml to determine if 
there was a difference in the analytical sensitivity of the media types following 
incubation. Each trial was seven days long.  
4.2.8. Data analyses 
 
  Summary statistics were used to describe the survival of T. gallinae in 
saline. Recovery times were recorded and compared to examine the survival 
times of T. gallinae from varying bird seed types (commercial bird seed mixture, 
black-oil sunflower seed and nyjer seed), under different moisture conditions 
(dry and moist), and from water.  
To compare the three media types, parasite counts, measured as the 
number of parasites per ml, were recorded and plotted as time-series growth 
curves for each of the isolates (11.113 and 11.146), in all three media types 
(Diamond’s, TYM and InPouch TF). For each media type, the area under the 
curve (AUC) was calculated and the median values of the triplicate counts for 
each isolate were plotted. Median values were chosen to reduce the influence 
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of potential outliers. Using AUC as a response variable, a two-way ANOVA was 
performed and the model assumptions were evaluated by inspection of 
residuals using least square means and multiple comparisons were completed 
using Bonferroni statistic (with 95% confidence). The lowest detectable limit of 
each medium was recorded and used to compare the analytical sensitivity of 
each medium. All statistical analyses were conducted using Minitab 16. 
Additionally, the cost of preparing and using the three different media types was 
calculated. 
4.3 Results 
 
  4.3.1 Survival of T. gallinae in saline, bird seed and water 
 
  Motile parasites were observed in saline incubated at 37°C for a 
maximum of 168 hours. No parasites were recovered from any of the dry bird 
seed types, however parasites were successfully recovered from all three moist 
bird seed types (Table 4.1). There were no differences between triplicate 
samples for each seed type, except in the case of moist nyjer seed. Parasites 
were recovered from only one of the triplicates at 48 hours, but parasites were 
recovered from all three samples at 24 hours. Similarly, there were no 
differences in recovery noted between low and high densities of parasites, 
except for nyjer seed. Parasites were recovered from all samples of moist nyjer 
seed at the 24 hour time mark, but only one low density sample had parasites 
recovered at the 48 hour mark. No parasites were recovered from city or well 
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Table 4.1. Maximum survival times of T. gallinae added to three replicates of 
dry and moist black-oil sunflower seed, nyjer seed, and commercial bird seed at 
two different densities, 1,000 parasites/ml (low) and 10,000 parasites/ml (high).   
 
 
Bird seed type 
Dry bird seed Moist bird seed 
High Low High Low 
24 hr 48 hr 24 hr 48 hr 24 hr 48 hr 24 hr 48 hr 
Black-oil sunflower seed 0/3 0/3 0/3 0/3 3/3 0/3 3/3 0/3 
Nyjer seed 0/3 0/3 0/3 0/3 3/3 0/3 3/3 1/3 
Commercial bird seed 0/3 0/3 0/3 0/3 3/3 3/3 3/3 3/3 
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tap water regardless of the parasite density used. 
Immediately following the recovery method and prior to incubation, all 
samples were viewed under a microscope for trichomonad activity. Under these 
circumstances, motile trichomonads were observed in commercial bird seed 
samples incubated for 12 hours or more and in black-oil sunflower seed and 
nyjer seed samples incubated for 24 hours or more. On the other hand, for 
samples collected from any seed type incubated for < 12 hours, multiple-day 
culture in InPouch TF medium was required prior to observing any motile 
trichomonads. Furthermore, low amounts of bacterial and fungal growth were 
first noted in the commercial bird seed mixture after 6 hours of incubation and 
after 12 hours of incubation in the other seed types. Once samples were heavily 
overgrown with bacterial and fungal contaminants (>90% of bird seed surface 
area), viable trichomonads could no longer be recovered. 
4.3.2 In-field birdfeeder and birdbath testing 
 
  A total of 45 samples were collected in-field from ten sites in the 
Canadian Maritime provinces during the spring and summer months (May-
August) of 2009 and 2011 (Table 4.2). Samples were collected from various 
birdfeeder types (n = 26), including table and hanging feeders, from the ground 
beneath feeders (n =7) and from an aggregate of birdfeed cleaned from several 
feeders and placed in a compost bin (n = 1). Samples were also collected from  
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Table. 4.2 Results of testing birdfeeders and birdbaths on properties suspected 
or confirmed to be experiencing finch trichomonosis in 2009 and 2011. In 2009 
swab samples were collected from each property from birdfeeders, displaced 
bird seed found on the ground or in compost bins, and various water sources 
including birdbaths and aesthetic waterfalls, when available. 50ml samples were 
collected from similar sources in 2011.  
 
Site location  
 
Year 
Bird seed Water Trichomonosis-
related  
mortality Birdfeeder Ground or 
Compost 
Birdbath Other 
Vernon River, PEI 2009 Neg -- Neg -- Confirmed 
New Haven, PEI 2009 Neg Pos Neg Neg Confirmed 
Durham Bridge, NB 2011 Neg Neg -- Neg Confirmed 
Pointe-du-Chêne, NB 2011 Neg Neg -- -- Confirmed 
Stanley, NB 2011 Neg Neg -- Neg Confirmed 
Orwell Cove, PEI 2011 Neg Neg -- -- Confirmed 
Charlottetown, PEI 2011 Neg -- -- -- Infection only 
Cornwall, PEI 2011 Neg Neg Neg -- Suspected 
Morell, PEI 2011 Neg Neg Neg -- Suspected 
Vernon River, PEI 2011 Neg Neg -- -- Suspected 
 
  
138 
 
 
 
waterfalls, wading pools or ponds) (n = 4). The only sample of bird seed that 
tested positive for trichomonad growth following the sampling method described 
in 4.2.6 was a mixed-aggregate of mouldy bird seed collected from several 
birdfeeders and discarded in a compost bin. No samples collected from water 
were positive for trichomonad growth. 
4.3.3 Comparison of InPouch TF, Diamond’s and TYM media  
 
  Exponential growth occurred in Diamond’s at approximately 48 hours, 
whereas parasites in TYM and InPouch TF media did not enter the exponential 
growth phase until approximately 72 and 84 hours, respectively (Figure 4.1). 
Parasites in Diamond’s medium reached a maximum concentration of 2.4 x106 
parasites/ml at 96 hours. Parasites in TYM and InPouch TF media reached 
maximum concentrations of 2.2 x 106 and 8.9 x 105 at 108 and 120 hours, 
respectively. After five days in Diamond’s media and six days in TYM media, 
without sub-culturing, the culture was non-motile and presumed dead. In 
contrast, motile parasites were still observed (2.0 x 105 parasites/ml) in the 
InPouch TF medium at the last time point on day seven. No difference in 
analytical sensitivity was found between the three media types, with all three 
being able to detect the lowest parasite density (approximately 35 parasites per 
ml). 
Two-way ANOVA showed that there was a significant interaction 
between the isolate (11.113 and 11.146) and the medium type (Diamond’s, 


141 
 
 
 
(95% confidence) showed that each isolate grown in each different media was 
significantly different from one another (p <0.001), except for 11.113 grown in 
Diamond’s medium and 11.146 grown in TYM medium, which did not 
significantly differ (see Figure 4.2).   
Overall no cost difference was found between using Diamond’s media or 
TYM media. The cost, expressed in Canadian dollars, to prepare 90ml (22 
aliquots of 4ml) of Diamond’s or TYM media was  $4.18 for media components 
and $5.83 for one-time use consumables (including one calcium alginate cotton-
tipped swab), resulting in an overall cost of $0.46 per 4ml aliquot. For the 
InPouch TF culture kit, the cost was $5.94 (in including one calcium alginate 
cotton-tipped swab). There were no further costs for performing daily 
observations with the InPouch TF culture kit but there were additional costs for 
preparing a wet-mount to observe trichomonads with in house media 
(Diamond’s and TYM), specifically an additional cost of $0.40/observation 
DVVXPLQJIRUDFRYHUVOLSIRUDPLFURVFRSHVOLGHIRUDȝO
pipette tip) to prepare a wet-mount. It is more cost effective to use in-house 
media when performing REVHUYDWLRQs. However, if > 14 observations are 
required it is more expensive to use in-house than the InPouch TF culture kit 
(Figure 4.3). This cost analysis does not include labour costs for preparing wet-
mounts, autoclaving and refrigeration (which would only apply when preparing 
in-house Diamonds or TYM media). 
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4.4 Discussion 
 
4.4.1 Epidemiological significance 
 
  Trichomonosis is an emerging disease causing significant mortality in 
finch populations worldwide, and circumstantial evidence suggests that bird 
feeding and watering may promote parasite transmission, potentially increasing 
mortality from this disease. This study assessed the possibility of birdfeeders 
and watering stations to act as fomites, facilitating transmission of 
trichomonosis. The experimental results indicate that T. gallinae is capable of 
surviving in moist bird seed for up to 48 hours. T. gallinae was found to survive 
the longest in moist commercial bird seed, and only for 24 hours in black-oil 
sunflower and nyjer seed. It is important to note that although 37°C does not 
represent ambient temperatures found at bird feeders in the Canadian Maritime 
provinces, it was selected because Kocan (1969) found no difference in survival 
times of trichomonad cultures maintained in 0.9% NaCl at 25°C and 35°C. 
Kocan (1969) also found that trichomonads were capable of surviving in moist 
grains at lower temperatures (e.g., 10°C), albeit for less time than at higher 
temperatures (e.g., 25° and 35°). However, the purpose of this study was to test 
the survival of T. gallinae in different substrates and under varying conditions of 
moisture (i.e., dry vs. moist bird seed and tap water), and in order to ensure that 
any mortality or survival observed was due to the experiment variables and not 
due to an unfavourable temperature. Therefore, 37°C, a well documented 
optimal temperature for trichomonad growth and replication, was selected.  
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The results indicate that seed composition may impact survival time, with 
parasites surviving longer in commercial bird seed. In terms of seed 
composition, ground or crushed seed ‘dust’ was noticeable in the commercial 
bird seed but was not observed in the black-oil sunflower or nyjer seeds. It is 
possible that this seed ‘dust’ acted a source of nutrients for the trichomonads, 
enabling them to survive longer in the commercial bird seed mixture. Another 
possibility is that this ‘dust’, or fine particulate matter, was able to hold more 
moisture via capillary action, enabling moisture to persist in the 
microenvironment for a longer period of time. This microenvironment would 
have been ideal for trichomonad growth as it was warm, moist and humid. 
Another possible explanation is that the various seed types have different 
microbial communities. Kocan (1969) suggested that based on his trials, 
trichomonads may use organic compounds secreted by microbial contaminants 
which readily grow on the seeds or that these compounds break down grain 
constituents making them available to trichomonads in the form of nutrients.  
Interestingly, in addition to supporting T. gallinae survival, it appears that 
all three moist seed types actually stimulated the multiplication of the added 
trichomonads. This suggestion is made based on the fact that motile 
trichomonads could be viewed immediately after inoculation into the InPouch TF 
medium following recovery from samples of moist commercial bird seed 
incubated for 12 hours and samples of the other two moist seed types 
incubated for  24 hours, regardless of the initial parasite density inoculum 
(1,000 parasites/ml or 10,000 parasites/ml). On the other hand, samples (for all 
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seed types) incubated for < 12 hours required culture for several days in 
InPouch TF medium to increase the number of trichomonads prior to observing 
any motile trichomonads via light microscopy. Again, this observation may be 
related to the higher proportion of crushed seed dust or broken seeds in 
commercial birdseed when compared to the other two seed types. Additionally, 
this study’s observations regarding bacterial and fungal growth in all moist seed 
samples lends support to Kocan’s (1969) hypothesis that microbial 
contaminants may break down grain constituents making those substances 
available to trichomonads for growth. However, the fact that viable 
trichomonads could not be recovered once bird seed was heavily overgrown 
with bacterial and fungal contaminants suggests that perhaps low-medium 
levels of microbial contaminants are beneficial for making nutrients available for 
trichomonads but high levels are not. Perhaps these other microbes are 
detrimental for trichomonad growth at higher populations because they out-
compete the trichomonads for consumption of nutrients or the concentration of 
nutrients falls below that which supports trichomonad growth while still 
supporting that of the other smaller organisms. The field-testing results in this 
study also support the theory that other microbial contaminants could play a role 
in providing trichomonads with available nutrients because the only positive field 
sample was from an aggregate of mouldy birdseed from several bird feeders 
placed in a compost bin, although this remains speculative because it is based 
on a single isolate.  
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This study’s results indicate that T. gallinae is incapable of surviving in 
clean, clear tap water. Bunbury et al. (2007) tested both small, shallow water 
sources that were frequently visited by birds and were successful in recovering 
T. gallinae from two of these puddles. They also tested grains dropped by 
infected birds for T. gallinae, however, they were unsuccessful in recovering the 
parasite from the grain samples. Therefore, they concluded that water is a more 
likely source of transmission than supplementary feed. Furthermore, the 
positive water samples collected in the Bunbury et al. (2007) study were from 
the warmest, driest region examined in their study. Therefore, they speculated 
that, due to higher densities of birds congregating at these limited water 
sources, the water was more likely to promote transmission of T. gallinae than 
birdseed at these sites. However, an additional explanation to account for their 
finding is that the puddles might have had high solute concentrations due to 
evaporation. Kocan (1969) found that trichomonads were able to survive in 
water with elevated ionic concentrations for up to 24 hours. Although the tap 
water used in this study was chlorinated, the possibility that the chlorine 
impacted T. gallinae survival was ruled out as the same water source used for 
the water survival trials was also used to moisten bird seed for the bird seed 
survival trials. Since this study was successful in recovering trichomonads from 
bird seed soaked in city water it was concluded that while chlorine may play a 
role in trichomonad mortality, it was probably not solely responsible for killing all 
parasites in the water survival trials.  
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The single positive result from a field sample supports the results of this 
study’s lab survival trials, indicating bird seed can act as a fomite in the 
transmission of trichomonosis.  However, it is only a first step, and a more 
comprehensive field study testing of backyard birdfeeding stations for the 
presence of T. gallinae is required to determine the true significance of this 
mode of transmission.   
 
4.4.2 Diagnostic significance 
 
This study provided the first controlled experimental comparison of 
various T. gallinae culture media. A previous study (Cover et al.1994) 
comparing InPouch TF and Diamond’s media concluded that the two culture 
systems were equally sensitive in the diagnosis of T. gallinae, with no difference 
in detection time, and that in two cases (approx. 7% of samples), the InPouch 
TF culture kit was positive for trichomonad growth when Diamond’s media was 
not. Although their results differ from this study, no attempts to control variables 
(e.g., dose of parasites used to inoculate media or general methods used) were 
made by Cover et al. (1994). This lack of control could account for differences 
observed between the two studies. 
Cover et al. (1994) collected swab samples from the oral cavity of 
pigeons, and used them to directly inoculate the two different media types. 
Since neither the presence of T. gallinae nor the dose of the inoculum were 
confirmed prior to inoculation, it is possible that one medium might have been 
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inoculated with a higher concentration of parasites than the other, or that one 
swab had attached parasites and the other did not. Furthermore, the two media 
types were incubated and inoculated differently. Diamond’s medium was 
incubated in glass tubes, whereas the InPouch TF medium was in the plastic 
culture kit. Swabs were introduced to the InPouch TF medium following 
manufacturer’s instructions, which included rolling the tip of the cotton swab 
between your fingers and squeezing to release attached trichomonads, while 
Diamond’s medium was inoculated by pressing the cotton-tip against the side of 
the glass tube. Again, it is possible that the difference in inoculation procedure 
could have affected the experiment’s results. Lastly, Cover et al. (1994) used 
different examination techniques for the two media types. InPouch TF medium 
was examined for trichomonads in the InPouch TF culture kit as recommended 
by the manufacturer, whereas an aliquot of Diamond’s media was examined via 
wet-mount light microscopy. The entire sample was examined in the case of the 
InPouch TF medium, increasing the likelihood of trichomonad detection 
compared to the Diamond’s media technique of analyzing a subsample using 
the wet-mount method. In short, it is plausible that these differences in storage, 
inoculation and examination may account for differences between the results of 
this study and those of Cover et al. (1994). In the present study, all these 
variables were kept the same, increasing the accuracy of the results. 
Cost analysis revealed that using in-house media (e.g., Diamond’s or 
TYM) is more cost effective than the InPouch TF culture kit when performing 
14 culture observations. It is important to note that labour, autoclaving and 
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refrigeration associated with preparing in-house Diamond’s or TYM media were 
not included in the cost analysis. When selecting a culture medium for T. 
gallinae, however, more than cost should be considered. This study found that 
individual parasite isolates replicated differently within each medium. We also 
found that although the InPouch TF culture medium may not attain as high a 
density of parasite as Diamond’s or TYM media, the culture can be maintained 
over a longer time period without sub-culturing. This is because the 
trichomonad culture in the InPouch medium does not reach a high enough 
density to deplete all the nutrients in the media, since media depletion results in 
a rapid decline in parasite numbers and potential loss of the culture, as 
observed with Diamond’s and TYM media around 108 – 120 hours. Therefore, if 
the ultimate goal is to maintain parasite cultures over a long time period via sub-
culturing, the InPouch method is the option of choice. However, if the goal is to 
detect the presence of parasites, cryopreserve, or perform downstream 
molecular work, a medium which supports the growth of more parasites, such 
as Diamond’s or TYM, is beneficial. Another important factor to consider when 
selecting a culture medium is convenience. Culturing trichomonads in the field 
is difficult and, prior to the development of the InPouch method, was almost 
impossible due to the complications of using in-house culture media. In-house 
culture media is difficult to transport, requires refrigeration, has a short shelf life 
(approx. 12 days after active components have been added) and is not 
selective for trichomonad isolation. The InPouch method, although more 
expensive, is much more convenient and has other benefits including increased 
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sensitivity and specificity for trichomonads (compared to the wet-mount 
method); ease of transport; convenient sampling; storage at room temperature; 
a long shelf-life (approximately one year); ability to amplify the initial diagnostic 
sample by culture (an added advantage in cases of infections of low intensity); 
and inhibition of the growth of confounding protists (Bunbury et al. 2005). These 
factors paired with the results of this study suggest that many variables must be 
taken into consideration when selecting a cost effective culture method, 
including the goals of the study and whether it is a field or laboratory based 
study.  
4.4.3 Further research 
 
  Although this study provided the first scientific approach to assess the 
role of birdfeeding and watering in the transmission of trichomonosis, there are 
still many questions left unanswered. Based on the results of this study, there 
are several avenues of future research that require further investigation. For 
example, it would be beneficial to conduct a second set of experimental trials 
that evaluate trichomonad survival in water with various solute or ionic 
concentrations and measure the ionic and solute concentrations of water 
sources in the field (i.e., bird baths and other artificial water sources provided 
for birds). This is suggested because it is rare for water found in backyards 
(e.g., birdbaths, artificial water sources, puddles) to be completely clean and 
clear. Also, in the present study, temperature was a controlled variable to 
maximize the potential for trichomonad survival. However, trichomonad survival 
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in moist bird seed at temperatures representative of stable and fluctuating 
ambient summertime temperatures for this region should be explored in future 
investigations. Future laboratory research should focus on conditions which 
mimic those found in backyards, particularly the relationship of trichomonad 
survival with temperature and humidity more representative of summer weather 
in the Canadian Maritime provinces. This additional information would lead to a 
better understanding of the public’s role in the transmission of trichomonosis 
through their provision of food and water to birds. 
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Chapter 5: GENERAL SUMMARY 
5.1 Rock pigeons could act as a reservoir for Trichomonas gallinae in the 
Canadian Maritime provinces 
 
The rock pigeon (Columba livia) is considered the ultimate reservoir of 
Trichomonas gallinae throughout the world; wherever pigeons occur, T. gallinae 
is commonly found (Stabler 1954). The origin of trichomonosis in finches from 
both Canada and the United Kingdom (UK) is unknown but sympatric columbids 
are suspected to be the most likely reservoir of the T. gallinae infections 
(Robinson et al. 2010). Columbids have a long-standing history of T. gallinae 
infection, are the only known avian group to have an asymptomatic carrier state, 
and are thus considered the natural reservoir of the parasite (Stabler 1954). In 
addition to rock pigeons, the mourning dove (Zenaida macroura) is another 
known columbid reservoir host of T. gallinae (Greiner and Baxter 1974; Ostrand 
et al. 1995; Schulz et al. 2005). Established populations of rock pigeons and 
mourning doves exist in the Canadian Maritime provinces (Peterson 2002; 
Alsop 2005), and while it is assumed that T. gallinae is present in these 
columbid populations, to our knowledge this has not been documented in the 
literature or diagnostic records. Therefore, a goal of this study was to test 
known columbid populations in the Canadian Maritime provinces for T. gallinae 
infection, and if present, determine the prevalence of infection in these 
populations. 
Eighty columbids (43 rock pigeons and 37 mourning doves) were tested 
for T. gallinae in 2010 and 2011. The annual prevalence of T. gallinae in rock 
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pigeons was found to range between 27% and 38%, which is comparable to its 
prevalence in columbids found elsewhere throughout the world (Bunbury et al. 
2007, 2008; Sansano-Maestre et al. 2009). No mourning dove tested in this 
study was positive for T. gallinae. Based on literature,the prevalence of T. 
gallinae in mourning doves ranges from 4% to 47% (Greiner and Baxter 1974; 
Ostrand et al. 1995; Schulz et al. 2005). Assuming the InPouch TF culture kit is 
a perfect test (100% sensitivity and specificity) for detecting Trichomonas sp., 
this study would have required a sample size of PRXUQLQJGRYHVWR
confidently detect a 4% prevalence of T. gallinae. infection in that population. 
Therefore, to determine whether or not mourning doves are infected with T. 
gallinae, additional studies with larger sample sizes are required. 
The fact that the present study did not monitor columbid populations 
year-round to see if there was any seasonal variation in the prevalence of T. 
gallinae could explain why this protozoal infection in mourning doves was not 
detected. Published studies have found variations in the prevalence of T. 
gallinae infections in different seasons (Bunbury et al. 2008; Sansano-Maestre 
et al. 2009). Data from the present study also suggests that the prevalence of T. 
gallinae infection in Prince Edward Island rock pigeons may be higher in the 
winter months than in the summer and fall months. However, due to the low 
numbers of rock pigeons tested in the winter it is difficult to conclude this 
definitively. As a result, future studies should consider monitoring columbid 
populations year-round to determine if prevalence varies with season in 
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columbids and if mourning doves are a competent reservoir of the parasite 
during seasons other than summer and fall in the Canadian Maritime provinces. 
Phylogenetic analyses and supporting prevalence data have indicated 
the possibility that certain species of columbids may be natural reservoirs for 
different Trichomonas species (Gerhold et al. 2008). It is suggested that the 
rock pigeon is the natural reservoir of T. gallinae while the white-winged dove 
(Zenaida asiatica) is the reservoir host of T. vaginalis-like trichomonads 
(Gerhold et al. 2008). Gerhold et al. (2008) found that T. vaginalis-like isolates 
appear to only occur in other species of birds when they are sympatric with 
known white-winged dove populations in Texas, USA. In the Canadian Maritime 
provinces, it would be interesting to test mourning dove populations sympatric 
with rock pigeon populations to determine if T. gallinae infection is present in 
mourning doves under these circumstances.  
Since T. gallinae infections were not detected in mourning dove 
populations, and since T. gallinae infections were detected in rock pigeons 
(almost year round), this study concluded that rock pigeons are the most likely 
reservoir host for T. gallinae in the Canadian Maritime provinces. In addition, 
the prevalence of T. gallinae infection in rock pigeons in this study was similar 
to the prevalence of infection in this species at other geographical sites where 
the rock pigeon is the identified reservoir host, further supporting our conclusion 
that  the epidemiology of trichomonosis in the Canadian Maritime provinces is 
comparable to that in other regions. However, it is important to note that only 
resident populations of mourning doves and rock pigeons were tested for 
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trichomonosis. Therefore, testing mourning doves and rock pigeons in the other 
Canadian Maritime provinces’ for T. gallinae infections would be required to 
provide a more complete understanding the role of columbids, specifically 
mourning doves, as potential reservoirs for trichomonosis in this region. 
5.2 The same T. gallinae strain that caused the United Kingdom epidemic 
is present in the wild avifauna of the Canadian Maritime provinces 
 
  Trichomonosis was first recognized as an emerging infectious disease of 
wild finches in Great Britain in 2005 (Pennycott et al. 2005; Lawson et al. 2006). 
Prior to the outbreak in 2005, this disease had only been reported infrequently 
in captive and free-ranging finches in Britain, and the 2005-2006 outbreak is the 
first reported instance of a large-scale epidemic mortality due to trichomonosis 
in passerine species (Lawson et al. 2011a). Since reports of the disease in 
Great Britain, trichomonosis has also emerged as an infectious disease causing 
mortality in finch populations of west and east-central United States of America 
(Gerhold 2009), western Canada (Canadian Cooperative Wildlife Health Centre 
unpublished data) and the Canadian Maritime provinces (Forzán et al. 2010). 
This study hypothesized that the parasite causing finch trichomonosis in 
the UK is genetically similar to that causing disease in Canadian finches. This 
study looked for evidence of genetic homogeneity in Trichomonas sp. recovered 
from columbids, finches and raptors from the Canadian Maritime provinces by 
amplifying (1) the 5.8S rDNA gene and the flanking internal transcribed spacer 
regions (ITS1 and ITS2) (herein referred to as ITS) and (2) the hydrogenosomal 
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Fe-hydrogenase (Fe-hyd) gene. In addition to examining isolates from the 
Canadian Maritime provinces for evidence of homogeneity, this study compared 
our isolate sequences to published T. gallinae sequences, including isolates 
from Great Britain. 
Following amplification of the ITS region of 43 isolates, three nucleotide 
sequences were obtained for trichomonad isolates recovered from wild fauna 
and bird seed from the Canadian Maritime provinces. All finch isolates in this 
study (n = 29); several rock pigeon isolates (n = 9); and an isolate obtained from 
an aggregate of birdseed discarded in a compost bin from several birdfeeders 
at a site experiencing mortality from trichomonosis (n = 1) were identical to the 
nucleotide sequences of T. gallinae ITS region, genotype B. It is important to 
note that this genotype has also been identified in finch species in the United 
States and is reported to be the etiology of the UK epidemic (Gerhold et al. 
2008; Lawson et al. 2011b). The nucleotide sequences of a few rock pigeon 
isolates (n = 3) in this study grouped as T. gallinae genotype A. This genotype 
has been reported in columbids from the United States and eastern Spain, as 
well as in raptors from eastern Spain (Gerhold et al. 2008; Sansano-Maestre et 
al. 2009) and is thought to be avirulent. Lastly, a trichomonad was recovered 
from a bald eagle (Haliaeetus leucocephalus) (n = 1) being treated in the 
Atlantic Veterinary College’s  Teaching Hospital that was identified as a 
Trichomonas sp. and grouped with an isolate recovered from a bearded vulture 
(Gypaetus barbatus) from the Czech Republic. This nucleotide sequence, which 
also groups Trichomonas sp. from the oral cavity of birds (including columbids 
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and raptors), is also referred to as T. vaginalis-like, as it is more closely related 
to T. vaginalis than to T. gallinae or T. tenax (Grabensteiner et al. 2010). 
Following amplification of the hydrogenosomal Fe-hyd gene, Canadian 
isolates were compared to the UK clonal epidemic strain and Seychelles 
columbid strains. Our examination of this gene revealed that the majority of 
genotype B finch and pigeon isolates (25/29 finch isolates and 7/12 pigeon 
isolates) were identical to the UK epidemic strain (Lawson et al. 2011b). In 
addition, Fe-hyd sequence analysis revealed six Canadian genotype B isolates 
(four finch isolates and two pigeon isolates) and three Canadian genotype A 
isolates (all pigeon) were different than the clonal strain involved in the UK 
epidemic. The Fe-hyd data from this study do not support the hypothesis that 
temporal, spatial or species trends are responsible for the divergence of the four 
genotype B finch isolates, which grouped independently, and the cause of this 
heterogeneity could not be determined. Fe-hyd sequence analysis revealed that 
two genotype B Canadian pigeon isolates grouped with an isolate recovered 
from a Seychelle’s Madagascar turtle dove (Streptopelia picturata). Therefore, 
the Fe-hyd data demonstrate that there is heterogeneity in the Canadian 
isolates examined because (1) in approximately 22% of the T. gallinae isolates 
(9/41) there is divergence from the UK clonal epidemic strain, and (2) while 
there isn’t sufficient Fe-hyd data published to determine the relatedness of the 
majority of these isolates to those recovered from birds in other geographic 
regions, two of the genotype B isolates from pigeons group with a strain 
infecting turtle doves in the Seychelles. This indicates that a number of strains 
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of T. gallinae are present in the wild avifauna of the Canadian Maritime 
provinces. Based on these findings, it is possible that T. gallinae genotype B 
was geographically widespread prior to the emergence of finch trichomonosis in 
the UK and Canadian Maritime provinces and (1) fine-scale variation and 
similarities exist among spatially distinct genotype B isolates and/or (2) 
genotype B isolates have evolved independently within their varying host 
species in different geographical regions worldwide. Lastly, it is important to 
note that although fine-scale variation was seen at the nucleotide level following 
amplification of the Fe-hyd gene, it did not translate into variation observed at 
the amino acid level. Although amino acid sequence variation was observed 
between genotypes A and B, minimal variation was detected between avifauna 
genotype B isolates from the Canadian Maritime provinces and the UK 
epidemic strain and Seychelles columbid strains which they were compared to. 
All genotype B isolates, except one, were identical to the UK clonal epidemic 
strain and Seychelles columbid strains at the amino acid level. Interestingly, the 
one genotype B isolate that showed variation at this level (differing by one 
amino acid) was recovered from the only pigeon in this study with clinical 
trichomonosis. Unfortunately, despite multiple attempts, amplification of the Fe-
hyd gene from DNA extracted from the bald eagle and birdfeed isolates  was 
unsuccessful. 
5.3 Moist birdseed could act as a fomite in the transmission of T. gallinae 
 
  A common factor in the emergence of finch trichomonosis in both the UK 
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and the Canadian Maritime provinces is that mortality is often identified at 
locations where large numbers of birds congregate, particularly at public 
birdfeeding and watering stations (Simpson and Molenaar 2006; Forzán et al. 
2010; Neimanis et al. 2010). Therefore, it has been hypothesized that indirect 
transmission associated with bird seed, water bowls, or bird baths contaminated 
by Trichomonas sp. plays a significant role in the increased prevalence of this 
disease (Boal and Mannan 1999; Höfler et al. 2004; Cousquer 2005; Veterinary 
Laboratories Agency 2006; Duff et al. 2007; Anderson et al. 2010; Neimanis et 
al. 2010; Robinson et al. 2010). 
It was a long held belief that due to the perceived frailty of the parasite, 
T. gallinae was incapable of surviving in bird seed or water sources for 
extended periods of time (Stabler 1954). Experimental evidence, however, 
revealed that T. gallinae is able to survive for up to 24 hours in water sources 
with elevated ionic concentrations and up to 120 hours in moist grain (Kocan 
1969). Unfortunately, Kocan’s (1969) study has not been replicated, and many 
details concerning survival of the parasite outside the host remain unknown. As 
a result, an objective of this study was to further explore the survival of T. 
gallinae in public feeding and watering stations. In order to do so, a reproducible 
technique for recovering T. gallinae from bird seed and water was established 
followed by an experimental examination of survivability of T. gallinae in bird 
seed and water. Lastly, birdfeeders and water sources at sites experiencing 
trichomonosis-related mortality were sampled for trichomonads.  
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After a successful recovery technique was established, the survival of  T. 
gallinae survival was tested in city and well tap water and three types of bird 
seed (commercial mixed bird seed, nyjer seed and black-oil sunflower seed) 
under moist and dry conditions, using two parasite concentrations (i.e., high and 
low density). The experimental results indicated that T. gallinae is capable of 
surviving in moist bird seed for up to 48 hours. T. gallinae was found to survive 
for the longest period in commercial bird seed and for only 24 hours in black-oil 
sunflower and nyjer seed. The difference in parasite survival time observed 
between seed types may be due to the presence of ground or crushed seed 
‘dust’ observed in the commercial bird seed but not in the black-oil sunflower or 
nyjer seed. It is possible that this seed ‘dust’ either (1) acted as a  source of 
nutrients for the trichomonads, enabling them to survive longer in the 
commercial bird seed mixture or (2) enabled the moisture required for 
trichomonad growth to persist in the microenvironment for a longer period of 
time. Another possible explanation for differences in survival time is that the 
various seed types have different microbial communities which could facilitate 
or impede trichomonad growth. For example, Kocan (1969) hypothesized that 
microbial contaminants secrete organic compounds that are able to break down 
grain constituents, making them available to trichomonads in the form of 
nutrients. 
 Contrary to the findings of Kocan (1969) and Bunbury et al. (2007), we 
found that T. gallinae did not survive in water. One major difference between 
this study and those of Kocan (1969) and Bunbury et al. (2007) is the source of 
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water tested. This study tested clean, clear tap water that the public typically 
adds to their backyard birdbaths, rather than ‘dirty’ rain water typically found in 
puddles or fields. Kocan (1969) reported that trichomonads were able to survive 
in water with elevated ionic concentrations for up to 24 hours, and Bunbury et 
al. (2007) recovered trichomonads from small, shallow, natural water sources 
that were frequently visited by birds. It is likely that the puddles that were 
positive for T. gallinae in the Bunbury et al. (2007) study had high solute 
concentrations due to evaporation, as they were present in the warmest, driest 
region examined in their study. In this study, to rule out the possibility that the 
chlorine impacted T. gallinae survival in water we used city tap water 
(chlorinated) and well tap water (not chlorinated).  
 This study had the first successful recovery of T. gallinae from birdfeed in 
the field at a property experiencing finch trichomonosis mortality. The positive 
sample was collected from a mixed-aggregate of mouldy bird seed collected 
from several birdfeeders and discarded in a compost bin. Furthermore, ITS 
genotyping and sequence analysis confirmed that the birdfeed isolate was 
identical to T. gallinae isolates recovered from sick birds on the same property. 
This single positive result from a field sample supports the results of lab survival 
trials, indicating bird seed can act as a fomite in the transmission of 
trichomonosis. Despite success in recovering a positive sample, this study did 
encounter a problem with in-field sampling. Before birdfeeders and birdbaths 
could be tested at properties experiencing finch trichomonosis, property owners 
frequently intervened and cleaned/disinfected all artificial feeders and water 
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sources. As a result, only clean water and dry bird seed were available for 
testing, even though this study’s experimental results suggest that these were 
not the ideal conditions for survival of T. gallinae. Therefore, while there are 
indications that moist birdseed is a fomite involved in the transmission of T. 
gallinae, a better controlled, comprehensive field study properly designed to test 
backyard birdfeeding stations for the presence of T. gallinae is required to 
determine the true significance of this mode of transmission.     
5.4 Climate is a potential contributing factor in the emergence of T. 
gallinae in the Canadian Maritime provinces 
 
  The only well defined life stage of T. gallinae is the trophozoite, which 
can be directly (orally) transmitted from host to host (Stabler 1954). Due to the 
parasite’s need for warm, moist environments and its lack of an encystment 
stage, it has been suggested that this parasite is extremely vulnerable to 
environmental conditions (Stabler 1954). Since there are seasonal trends of 
mortality in regions where finch trichomonosis has emerged (Dumfries 2008; 
Neimanis et al. 2010; Robinson et al. 2010; Lawson et al. 2011a; Canadian 
Cooperative Wildlife Health Centre unpublished data), many hypothesize that 
climate might be related to the emergence and persistence of trichomonosis in 
affected areas. However, no one has examined climate patterns before and 
after the emergence of finch trichomonosis in their respective regions to 
determine if this hypothesis is true (Dumfries 2008; Neimanis et al. 2010; 
Robinson et al. 2010; Lawson et al. 2011a; Canadian Cooperative Wildlife 
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Health Centre unpublished data). Therefore, as part of this study, we examined 
climate normals and trends pre- and post-trichomonosis emergence in this 
region to establish whether or not climate played a role in the emergence and 
persistence of this disease in this region. 
To accomplish this, regional climate normals for the years 1961-1990 
and 1971-2000 to climate trends for the years 2001-2011 were compared and 
revealed an overall general increase in temperature (+0.8°C) and precipitation 
(+4.1 mm). After the emergence of trichomonosis in the UK in 2005 and in the 
Canadian Maritime provinces in 2007, there were two years (2006 and 2010) 
when trichomonosis mortality was not reported in this region, and it was 
determined that these years had had well-above average temperatures 
compared to both the 2001-2011 average and yearly averages of those those 
years when trichomonosis mortality was identified. These higher than average 
temperatures would have resulted in drier environmental conditions, limiting 
trichomonad survival and persistence in the environment. This might explain 
why finch trichomonosis mortality did not occur in these years. Conversely, in 
years with above average precipitation and average or slightly below average 
temperature (2007-2009 and 2011), there was finch trichomonosis mortality. 
This finding, when considered with experimental results indicating that T. 
gallinae can survive outside the host in moist seed for up to 48 hours and 
Kocan’s similar findings (1969), suggest that moisture is key for the survival of 
trichomonads in the environment. Therefore, T. gallinae would be more likely to 
persist in the environment (e.g., in birdfeeders, birdbaths, and puddles) in years 
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when there is high rainfall, and average or above average temperatures. While 
this present study examined the temporal weather patterns of the Canadian 
Maritime provinces associated with the emergence of trichomonosis, it would be 
beneficial to also examine worldwide geographic weather patterns to see if this 
may reveal why finch trichomonosis has only appeared in certain regions of 
North America and some other regions of the world.  
5.5 Recommendations for prevention against trichomonosis on properties 
of the general public 
 
  While further research is required to determine the exact role that feeding 
and watering birds play in the transmission of trichomonosis, based on the 
findings in this study (i.e., experimental survival of T. gallinae in bird seed for 48 
hours, recovery of pathogenic T. gallinae from a field sample of bird seed, and 
possible weather related factors influencing the disease ecology), it is 
reasonable to offer some general science-based recommendations for the 
prevention of mortality from finch trichomonosis at public feeding and watering 
stations. The goal of these recommendations is to ultimately protect the health 
and welfare of wild avifauna. 
Recommendation #1: Only feed dry bird seed. 
  This study found that T. gallinae is unable to survive in dry birdseed, but 
can survive for 48 hours in moist mixed commercial bird seed, and 24 hours in 
moist nyjer seed and black-oil sunflower seed. Other studies have reported 
similar findings that T. gallinae can survive in moist grains (e.g., wheat and 
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corn) for up to five days. Therefore, attempts should be made to ensure that all 
bird seed maintained in feeders is dry. Practices such as regularly emptying bird 
feeders or simply putting less bird seed in at a time (resulting in more frequent 
‘top-ups’) will help keep bird seed dry. 
Recommendation #2: Reduce contact zones between rock pigeons and other 
bird species. 
 This study’s findings indicate that rock pigeons are potential reservoir 
hosts for T. gallinae in this region. Therefore, the bird feeding public should limit 
contact between rock pigeons and other bird species, particularly finches.  This 
can be accomplished by using feeders designed for finch species so that rock 
pigeons will not feed next to finches. Examples of feeders to achieve this goal 
include hoppers, tube feeders and sock feeders. Table feeders should be 
avoided because all birds, including pigeons and sick birds, are able to feed 
side by side directly on the feeder’s surface. Therefore, any individuals infected 
with T. gallinae can drop contaminated grains onto the feeder surface permitting 
transmission of trichomonads to an uninfected bird that ingests the 
contaminated feed.  Another consideration is to avoid using types of birdfeed 
that will attract rock pigeons to your feeders (e.g., mixed seed containing corn). 
Recommendation #3: Only use clean, clear tap water in water sources 
provided for birds. 
  Other studies documented that T. gallinae can survive in water with 
elevated solute concentrations. However, our research documented that T. 
gallinae is unable to survive in clean, clear, chlorinated tap water. Therefore, all 
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artificial water sources on a property should only be filled with clean clear tap 
water and artificial water sources should be emptied and filled on a regular 
basis, for example weekly.  
Recommendation #4: Increase efforts to keep birdseed dry and water sources 
filled with clean, clear tap water when specific weather conditions occur during 
the summer and fall. 
  Certain weather conditions are associated with trichomonosis mortality in 
the Canadian Maritime provinces. Our study found in this region that finch 
trichomonosis is seasonal and typically occurs in years with high precipitation 
and average temperature during the months of May - September. Therefore, if 
the general public chooses to feed and water birds during the summer and fall, 
they should be mindful of the weather and if these specific weather conditions 
(or episodic rainfall events) occur, and be extra attentive to ensure that bird 
seed is kept dry and artificial water sources are filled with clean, clear tap water. 
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APPENDIX A – NECROPSY PROTOCOL 
 
Follow the usual necropsy protocol when examining a passerine (finch, siskin 
and sparrow) or columbiform (dove and pigeon) bird, with particular attention to 
the pharynx, crop and liver.   
Collect the following samples for respective testing: 
Test: PCR 
Samples:  
Crop 
Liver 
Storage:  
Freeze in a cryovial (preferred) or plastic bag and store at -80°C in the 4 th shelf 
of the Wildlife freezer. Note: When labelling cryovials ensure a KP marker is 
used to prevent label wash-off.  
 
Test: HISTOLOGY 
Samples:  
Brain 
Pharynx (if cankers are present)  
Lungs  
Heart (longitudinal section)  
Liver (right lobe)  
Proventriculus and gizzard (longitudinal section)  
Intestines  
  -Duodenum with pancreas (cross section)  
  - Ceca with ileum (cross section)  
Spleen 
Kidney  
Bursa of Fabricius (if present)  
Storage:  
Fix in 10% buffered formalin 
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APPENDIX B – LIVE BIRD SWABBING PROTOCOL 
 
Swabbing supplies: 
- Weigh scale 
- Cotton draw-string bird bags 
- Sterile calcium-alginate cotton-tipped swabs (Fisherbrand calcium alginate 
swabs; pack of 50 ultrafine aluminum 0.6mm; Catalog # 22029501) 
- Baxter sterile saline – 500 ml bag 
- Monoject 6cc syringes with 21 gauge needles 
- InPouch TF pouches (Biomed Diagnostics) 
- Bander’s supplies (i.e., bands, banding tools) 
- Egg incubator (Circulated Air Hova-Bator Incubator, Model #2362N) 
Pre-swabbing method: 
Record the following individual information (where possible): 
- Capture date 
- ID # (for trichomonosis sampling) 
- Location 
- Species 
- Sex 
- Age 
- Weight 
- Trichomonosis clinical signs? Any other unusual observations 
Record the following necessary morphometric and banding information: 
- Band number 
- Tarsal length 
- Culmen length 
- Wingcord length 
- Tail length 
- Total time in captivity 
Post-banding and swabbing method: 
1. Remove the bird from its bag and hold it in a “bander’s grip”, keeping the 
head steady. 
2. Withdraw sterile saline aseptically from the bag using a sterile syringe and 
needle and moisten the tip of the sterile calcium alginate swab.  If 6 cc of saline 
are withdrawn at once they can be used to moisten several consecutive 
swabs.  If additional saline is required, a new syringe and sterile needle should 
be used. 
3. Bend the end of the swab near the cotton tip into a gentle curve representing 
~ 120 º angle (refer to diagram below) to match the natural anatomical 
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curvature of the oral cavity as it opens into the esophagus.  The distance 
between the start of the curve and cotton tip should be equivalent to the 
distance between the oral cavity and crop: the positioning of the curve will 
depend on the species of bird. 
 
Diagram 1. Swab bent at an ~ 120 ° angle. The bend in the shaft is closer to the cotton -tip when 
swabbing small birds, such as finches. 
4. Gently insert the swab into the oral cavity by pushing the tip against a 
commissure of the beak. Slowly and gently advance the swab into the 
esophagus to the level of the crop while allowing the bird to swallow. It is helpful 
to extend the bird’s neck when inserting the swab. Anatomically, bending the 
swab at the 120º angle will facilitate the movement of the swab from the oral 
cavity to the crop. The swab should slide easily and with minimal force into the 
crop; if any resistance is felt, the bird’s positioning and the angle of the swab 
should be reassessed. The esophageal and crop walls are very thin in 
passerine birds so this procedure should be done with extreme caution and only 
by experienced individuals. 
5. Once in the crop, gently rotate the swab, move it up and down, then remove 
it. Make sure to swab any visible lesions (“cankers”) in the oral cavity and/or 
throat. 
6. Record on data sheet any blood or debris present on the swab. Examine the 
feathers surrounding the beak to see if they are stained from eating berries as 
this will cause the swab to appear stained when removed from the crop. 
7. Use the swab to immediately inoculate an InPouch TF pouch. 
8. Discard the swab. 
 
9. Maintain InPouch TF pouches in egg incubator at 37ºC until they can be 
placed in a laboratory incubator. 
10. Disinfect hands between birds. 
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APPENDIX C – FIELD PARASITE RECOVERY FROM BIRD SEED 
PROTOCOL 
 
Recovery Supplies:  
- 50ml Eppendorf tubes 
- 0.9% NaCl 
- Egg incubator (Circulated Air Hova-Bator Incubator, Model #2362N) 
- Petri dishes (e.g., 100mm x 15mm) 
- 1ml pipette tips 
- InPouch TF pouches (Biomed Diagnostics) or in-house media (e.g., 
Diamond’s or trypticase yeast extract maltose media) 
- Biosafety hood 
Recovery method: 
1. Remove pre-warmed 0.9% NaCl from lab incubator and transfer to several 
50ml tubes (as much as you think you will require). To maintain at 37ºC, place 
in egg incubator. 
2. When on-site, collect bird seed from desired source in 50ml tube 
(recommended to collect multiple samples). 
3. Add approximately 25ml of pre-warmed 0.9% NaCl to each tube containing 
bird seed. Maintain 50ml tubes containing bird seed and saline in egg incubator 
at 37ºC until they can be placed in a laboratory incubator. 
4. When back in lab, vigorously shake the 50ml tubes containing bird seed and 
saline. After shaking, drain the saline (now containing debris) into a petri dish. 
5. Collect a 1ml sub-sample of the drained saline and use to inoculate a 
InPouch TF culture kit, or sample of in-house medium. 
6. Monitor culture media for trichomonad growth for 10 days. 
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APPENDIX D – FIELD PARASITE RECOVERY FROM WATER PROTOCOL 
 
Recovery Supplies:  
- 50ml Eppendorf tubes 
- Egg incubator (Circulated Air Hova-Bator Incubator, Model #2362N) 
- 1ml pipette tips 
- InPouch TF pouches (Biomed Diagnostics) or in-house media (e.g., 
Diamond’s or trypticase yeast extract maltose media) 
- Biosafety hood 
Recovery method: 
1. When on-site, collect water from desired source in 50ml tube (recommended 
to collect multiple samples). 
3. Maintain 50ml tubes containing water sample in egg incubator at 37ºC until 
they can be placed in a laboratory incubator. 
4. When back in lab, invert the 50ml tube containing the water sample five 
times. 
5. Collect a 1ml sub-sample of the water sample and use to inoculate a InPouch 
TF culture kit, or sample of in-house medium. Note: Remove 1ml of subsample 
quickly after inverting to ensure that trichomonads have not settled on the 
bottom prior to sampling.  
6. Monitor culture media for trichomonad growth for 10 days. 
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APPENDIX E – CRYOPRESERVATION & RECOVERY PROTOCOL 
 
Cryopreservation & Recovery Supplies:  
- Double chamber hemacytometer 
- 20µl, 200µl and 1ml pipette tips 
- 1.5ml centrifuge tube 
- 1ml cyrovials 
- Pure glycerol 
- Isopropyl alcohol 
- Nalgene “Mr.Frosty” freezing container (5100 Cryo 1°C freezing container)  
- InPouch TF pouches (Biomed Diagnostics) or in-house media (e.g., 
Diamond’s or trypticase yeast extract maltose media) 
- -80ºC freezer 
- Biosafety hood 
Cryopreservation method: 
1. Monitor growth of the sample using a hemacytometer counts. When parasite 
densities reach approximately 2.0-2.5x106/mL then proceed with 
cryopreservation. 
2. Invert the TF InPouch culture five times to mix media.  
3. Pipette 1ml of InPouch culture into a 1ml centrifuge tube and add 100µl of 
pure glycerol. Do this in duplicate. Note: Regardless of final amount, the final 
glycerol concentration should be 10-14%.  
4. Invert the 1ml tubes five times to mix glycerol and sample.  
5. Divide the total 2ml sample into four cryovials - 500µl/cryovial.  
6. Place cryovials in Nalgene Mr. Frosty freezing container, containing isopropyl 
alcohol and freeze at -80ºC for 24 hours. 
7. After 24 hours move cryovials to liquid nitrogen for long-term storage.  
Recovery method: 
1. Remove cryovial from liquid nitrogen. 
2. Incubate at 37°C until sample has liquefied.  
3. Immediately transfer the cryopreserved sample, now liquefied, to pre-warmed 
culture media (37°C) and incubate at  37°C an d monitor culture media for 
trichomonad growth for 10 days. 
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APPENDIX F – ITS PCR PROTOCOL 
 
PCR Supplies:  
- 20µl, 200µl and 1ml pipette tips 
- 1.5ml centrifuge tube 
- TFR1 primer: 5’-TGCTTCAGTTCAGCGGGTCTTCC-3’ 
- TFR2 primer: 5’-CGGTAGGTGAACCTGCCGTTGG-3’ 
- Amplitaq Gold Master Mix (Applied Biosystems manufactured by Roche, 
Branchburg, New Jersey) 
- Nuclease free water 
 
PCR Recipe: 
12.5 µl Amplitaq Gold Master Mix 
2.5 µl TFR1 primer 
2.5 µl TFR2 primer 
4.5 µl nuclease free water 
22 µl of ‘PCR mix’ + 3 µl of target DNA 
 
PCR Parameters: 
94°C for 2 minutes  
40 cycles of 94°C for 30 seconds  
67°C for 30 seconds  
72°C for 2 minutes  
72°C for 15 minutes   
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APPENDIX G – FE-HYD PCR PROTOCOL 
 
PCR Supplies:  
- 20µl, 200µl and 1ml pipette tips 
- 1.5ml centrifuge tube 
- TrichydFOR: 5’-GTTTGGGATGGCCTCAGAAT-3’ 
- TrichhydREV: 5’-AGCCGAAGATGTTGTCGAAT-3’ 
- Amplitaq Gold Master Mix (Applied Biosystems manufactured by Roche, 
Branchburg, New Jersey) 
- Nuclease free water 
 
PCR Recipe: 
12.5 µl Amplitaq Gold Master Mix 
2.5 µl TrichhydFOR 
2.5 µl TrichhydREV 
4.5 µl nuclease free water 
22 µl of ‘PCR mix’ + 3 µl of target DNA 
 
PCR Parameters: 
94°C for 15 minutes  
35 cycles of 94°C for 1 minute  
66°C for 30 seconds  
72°C for 1 minutes  
72°C for 5 minutes.  
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APPENDIX H – DIAMOND’S MEDIA PREPARATION PROTOCOL 
 
Medium supplies: 
- Casein digest peptone (trypticase) 
- L-cysteine hydrochloride 
- Yeast extract 
- Maltose 
- L-ascorbic acid 
- Sodium hydroxide  
- Heat-inactivated horse serum 
- Penicillin-streptomycin combo 
- 5ml round-bottom media tubes 
- 20µl, 200µl and 1ml pipette tips 
- Weigh boats 
- Distilled water 
Medium preparation: 
1. Dissolve dry ingredients in 90 ml of distilled water: 
  - 2.0g trypticase 
  - 1.0g yeast extract 
  - 0.5g maltose 
  - 0.1g L-cysteine hydrochloride 
  - 0.02g L-ascorbic acid 
2. Adjust pH of the solution to 6.8-7.0 using sodium hydroxide. 
3.  Autoclave mixture for 10 minutes at 15lb/in2 at 121°C.  
4. Cool solution to 48°C.  
5. Aseptically add 10ml horse serum and 1ml of streptomycin-penicillin combo. 
6. Aseptically divide the 90ml into 5ml aliquots and transfer to 5ml media tubes. 
7. Store media at 4°C for up to 14 days.  
8. Incubate media prior to use for one hour at 37°C.  
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APPENDIX I – TYM MEDIA PREPARATION PROTOCOL 
 
Medium supplies: 
- Casein digest peptone (trypticase) 
- L-cysteine hydrochloride 
- Yeast extract 
- Maltose 
- L-ascorbic acid 
- Sodium hydroxide 
- Potassium phosphate, dibasic 
- Potassium phosphate, monobasic 
- Heat-inactivated horse serum 
- Penicillin-streptomycin combo 
- 5ml round-bottom tubes 
- 20µl, 200µl and 1ml pipette tips 
- Weigh boats 
- Distilled water 
Medium preparation: 
1. Dissolve dry ingredients in 90 ml of distilled water: 
  - 2.0g trypticase 
  - 1.0g yeast extract 
  - 0.5g maltose 
  - 0.1g L-cysteine hydrochloride 
  - 0.02g L-ascorbic acid 
  - 0.08g potassium phosphate, monobasic 
  - 0.08g potassium phosphate, dibasic 
2. Adjust pH of the solution to 6.8-7.0 using sodium hydroxide. 
3.  Autoclave mixture for 10 minutes at 15lb/in2 at 121°C.  
4. Cool solution to 48°C.  
5. Aseptically add 10ml horse serum and 1ml of streptomycin-penicillin combo. 
6. Aseptically divide the 90ml into 5ml aliquots and transfer to 5ml media tubes. 
7. Store media at 4°C for up to 14 days.  
8. Incubate media prior to use for one hour at 37°C.  
 
